
USACERL Technical Manuscript N-89118
September 1989

US Army Corps
of Engineers
Construction Engineerng
Research Laboratory A D-A 213 823

Proceedings of the 1988 Geographical
Resource Analysis Support System
(GRASS) User Group Meeting

Edited by:
Robert C. Lozar

The Geographical Resource Analysis Support
System (GRASS) is a land management support
tool originally developed to help military installations
ensure realism in training while conserving the
environment. Since its successful implementation in
the military community, GRASS has seen wide-
spread acceptance in both the Government and
private sector.

This proceedings contains papers from the 1988
Anuual GRASS User Group Meeting which was held
at USACERL in Champaign, IL. The papers repre-
sent a variety of interests. They have been grouped
under three general topic areas: Applications, Data
Concerns, and Integration of Grass With Other
Packages. /

rTIC.. .!. e
O,'-, 0CT 3 0 1989

Approved for public release; distribution is unlimited.

s 173



The contents of this report are not to be used for advertising, publication, or
promotional purposes. Citation of trade name, does not constitute an
official indorsement or approval of the use of such commercial products.
The findings of this report are not to be construed as an official Department
of the Army position, unless so designated by other authorized documents.

DESTROY TillS REPORT WHEN IT IS NO I O',GIR NEEDED

DO NOT RETURN IT TO THE ORI(I,",.4 TOR



UNCLASSIF LED

REPORT DOCUMENTATION PAGE )M8, No 74 (18
_______________________________________________________________1 to~p 0,tre jun J0 98

L'N(;LASS I F1 L'Dl
Y N.A Ay) (A' CN a ,( 'Ri ITV 3 DI TRBIj'ON A AILAB;L ry Oe REPORT

* A',,i A~ uANCRADU ~Approved for public release;
distribution is unlimited.

(,P r,( flRjA 7A (.N qf P9-R ' % MBE PIS) 5 VONiTORir.6 ON(,ANZ4T ON REPORT WVBER(S)

USACERL Technical MIanuscript N-89/18
P E P aR M: % -)G A A ~ U 160 DFF,CE SYM060, 7d NAME OF VON 70RINC OPGANZ'AON

IT.S. Arm%, Construct ion Engr (it applicable)

Research Laboratory CFCER-EN
t AD)rRFSS C,!j Stire 4,,'d !fP Cxje) ' aD k Ss9 5 (Crty stare and ZIP Code)

Champaign, 1I, 618)2+-'4OO5

."V _4y A 9) NCSPNrAN f 'o UE ',rMOL 9 PRoC(,R % VET .S'RUMEN' *FENTiF'CATION %_V6EbR(Cont'd7.' l a po(a~bl) Intra-Army Order 22 MSS-88-088Y d
Ofc of the Secretary of Defise "Enhancement of the Early Environmental

A>-(C ! Stare andj ZWPCode) 10 SOURCE OF FUNDING %-MBERS

S,i-M.ENT NJO %O NO E S

(!ncoude Securt~(cSfca-
Proceedings of the 198S Geographical Resource Analysis Sumpport System (GRASS)
T'Lse r Group Nee t: [
m - NAL AHORIS,

Edited by Lozar, Robert C.
* I a -' -)RT 'h 'ME. COVFEK j4 JaSE OF RPORT (Year Month. Day) 115 PAGE COUNT

fina V T i o 1969, September

Copies are available front the National Technical Information Services
Springfield, VA 22161

-~~~~ - 5(IA CE IS 5: 'iECT 'i WOS (Continue on r.ovefse it nereSSaI and idertify by block number)
[ ~ (K SRO Symposia

___ 0_ User Group

19 A31 '4,(r Cortlue i~ e~e'sv f necessary and .dentif'y by block numb~er)

T[he Geographical Rcsource Analysis Support System (GRASS) is a land management
support tool originally developed to help military installations ensure realism in training
while conserving the enmironmcn1. Sincc its successful implementation in Ohe military
community, GRASS has seen widespread acceptance in both the Government and
private sector.

This proceedings contains papers from the 1988 Anuual GRASS User Group Meeting
which was held at USACERL in Champaign. IL. The papers represents a variety of
interests. They have been grouped under three general topic areas: Applications, Data
Concerns, and Integration of Grass With Other Packages.

- . ~\CA8 gPa( ,SECsP, ry i :A%.).CATiON

_j ~ UNGLASS IFIED
P 7 P*- 7I (1rc,75e Area codje) V

1) ~1.(217)u 352-65 11 (x389) GEGER-lMT
DD FORM14 7 3 *.; *(. ft.,l

-' . I.,,.,UNCLASSIFIED



UNCLASSIFIED

Block 9 (Cont'd)

Warning System"

UNCLASSIFIED



FOREWORD

This project was funded by the Office of the Secretary of Defense under Intra-Army Order 22
MSS-88-088, "Enhancement of the Early Environmental Warning System," dated September 1988. The
proceedings were prepared by the U.S. Army Construction Engineering Research Laboratory
Environmental Division (USACERL-EN). D;. R.K. Jain is Chief of USACERL-EN.

Technical Director.
COL Carl 0. Magnell is Commander and Director of USACERL, and Dr. L.R. Shaffer is
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Preface

The Geographical Resource Analysis Support System (GRASS) is a land management support

tool originally developed to help military installations ensure realism in training while conservir, ,he

environment. Since its successful imnplemcntaion in the military community, GRASS has seen

widespread acceptance in both the Government and private sector.

The U.S. Army Construction Engineering Research Laboratory (USACERL) developed and tested

GRASS, which is a geographic information system (GIS). Now, along with a formal GRASS Stecrim:

Committee and other service agencies, USACERL is providing support !o users. Each year the Steering

Committce sponsors a user group mecting f[r information exchange: other help is available through

\vork.,hors, and online mail service called GRASSNET, and a periodical newsletter, GRASS-

CL iPPIN(S.

At the 1S7 Annual User Group Meeting, response to the call for papers was so favorable arid

the quality of presentations so impressive that the organiiers decided to publish the papers from future

meetings. This proceedings contains papers from the 1988 Annual GRASS User Group Meeting which

was held at USACERL in Champaign, IL.

The papers represent a variety of interests. They have been grouped under three general topic

arcas: Applications, Data Concerns, and Integration of Grass With Other Packages.

Papers in the Applications group illustrate the versatility of the GRASS software. Gary

\aggoner of the National Park Service (NPS) outlines a procedure to define road corridors using

(;RASS. Two papers deal with sampling design: Susan Stitt, NPS, applies GRASS for determining

forest locations to sample in evaluating the effects of air quality on vegetation; Steven Warren,

..SACERL uses GRASS to define areas where data collection sites should be distributed to ensure

nonhiased data. GRASS applications in archeology are also reported. Ishmael Williams of the

Arkansas Archeolo,;..'.,rvcv (AAS) describes how he uses GRASS to organize his data to reveal

patterns of the Caddni Indian habitation sites. Jamie Lockhart, AAS, uses GRASS to coordinate and

represent statistical and ordinal archeological inlormation over an eight-state region. Pamela Thompson,
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USACERL, demonstrates the versatility of soils information when handled with the GRASS tools as

well as several potential new applications. David Hasting of the National Oceanic and Atmospheric

Administration user GRASS to check the quality and consistency of the spatial data for which his

agency is responsinic.

Presentations in the Data Concerns group address the information base, which critical if a GIS

like GRASS is to be useful. Since data collection is expensive, it is important to know which data

layers to implement, and this is the topic of a paper by Robert Lozar of USACERL. Richard

Franchek, U.S. Soil Conservation Service (S, "Sh, describes and example data set for training personnel

at SCS, where GRASS will soon be implemented in all county offices. Margaret Mayers of SPOT

Image Corp. discusses the link between satellite data and GRASS--an important capability since satellite

images can provide valuable data.

GRASS is designed to allow easy interface with other software packages for flexibility. Papers

in the GRASS Integration group attest to the success users are having in this area. Sandra Parker,

AAS, proposes linking a statistical package with GRASS and remotely sensed data to make the results

more immediately understandable to professionals. Sanford Fidell and colleagues from BBN Systems

describe how they ported sections of GRASS version 2.0 to an IBM-AT with MS-DOS and their

integration with a data base manager (DBM) for evaluating aircraft noise. James Farley, AAS,

discusses the interface of GRASS with a UNIX-based DBM called Informix. Finally, Ken Gardels,

at the University of California-Berkeley, identifies the pros and cons of placing GRASS in a new

standard graphics environment called X-Windows.

In the short time since its inception, the potential for GRASS has grown far beyond initial

expectations. Each year the User Group Meeting unveils more and more benefits from using this

program; the enthusiasm users have for GRASS is evident in these papers. Today GRASS faces and

exciting future as it expands and sees adoption by a variety of new organizations. You are invited to

share your experiences at the next U ser Group Meeting and to learn how others are using GRASS.

For more information on GRASS or the Annual User Group Meeting, contact the GRASS

Support Center at USACERL, (217) 373-7220.
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Analysis of Altrnative Road Alignments using GRASS 3.0

Gaory S. Wag'oner

Geographic hiformation Systems Division
National Park Service

P.O. Box 2E287
Denver, CO 80225-0287

/ BSTRA CT

A "real life" example u,,ing GRASS 3.0 GIS technology to aid pianners in
developing a new park entrance r .J alignment at Great Basin National Park,
Nevada is presented. Analyses and plots have been field tested by National
Park Service and Federal Hihay Administration planners. GRASS 3.0 tools
including distance, weight, Gcost, Gruin, and Glos were employed in the ana-
tyses and are discussed in light of the field "hecking results.

Great Basin National Park was esta- wich wuld be field tested to give some
blished on October 27, 1986 making i. the practicql evaluation and feedback.
newest national park in the National Park The author had several meetings with
System. Located in White Pine County, in NTS planners to fully discuss the intent and
east-central Nevada, the park occupies parameters involved in the test. After fully
77,109 acres in the South Snake Range. It describing the hypothesis of the experiment,
was established "to preserve for the benefit criteria for the selection of a road corridor
and inspiration of the people a representa- and a geographical window were decided
tive segment of the Great Basin of the upon and GRASS 3.0 operations were
Western United States possessing outstand- begun. The planners indicated that three
ing resources and significant geological and raor criteria were important in these road
scenic values." (Public Law 99-565). The alignment considerations:
National Park Service (NPS) is currently 1. Sopes should be 7 degrees or less
preparing a general management plan for the
park (NtPS, 1988) and a GIS data base 2. Stnam crossings should be minimized
including multiple resource themes encom- and where necessary should be at right
passing a 928 square mile area is being angles to the stream
created to support this activity. 3. The entrance mad should be hidden as

One of the proposals being consideree much as possible from the view of a
is the building of a Visitor Center in the visitor Et the proposed new visitor
northeastern portion of the park near Baker center
Creek. The NPS in cooperation with the Vegetation was not considered a significant
Federal Highway Administration (FHA) is criterion because the vegetation throughout
chargpd with developing a new park the area of concern is a fairly homogeneous
entrance mad and requested the GIS sagebrush-shadscale-grass association. Nar-
Division's support in this undertaking. row rparian zones do occur but are

Since the GIS Division was already automatically incorporated into the 30 meter
conducting a beta test of the new GRASS :ell size used to delineate the small sbtmans
3.0 version, we decided to test several of the in the area.
new capabilities with a "real life" experiment
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LUsing 1:250.000 scale digital to getting to each and every cell in the window
graphic 1) MA data that had pinEvioiitdy3 from this starting poiint. The point was
been proces4Ni Itol t'levatori, shop(' ind selected 1) the planners to) represent an area

asei90 mneter cell dat files, the slope (Iota near an existing road whili would be used
wereTT 1eclassel Hi-o two classes, 0-7 degree to access the pro posed Visitor Center. 0n e

slopces anid greater thani 7 degree slopes, again the p-oint was accurately delineated en
Stn'afn (101.1 wenr obt ii1 1 1 fruii digital unl( a myl ar 1:24,000 scale quarngle sheet ad
grap~h 1) DLG data aILtlic 1.100,000 sal 11nd (ligti/.ed to obtain accuratke UTMN- coonli
rasterizkd in1to 30 nw1tet cIIKk S

\'iexwsied dIot 01 ii obtained 1,y lll- Following tie creation of, the (Gco 4
11itig !o. 0, dtheb d ~ Itia 11i.1'tiolCI- (V-ahiation sti*;Iol. diidi!1 WO ntlployt J1 wi

d e~, A UTrm ",VA (t) Li 11i wa 17gz0 o perati en this file. A second po~intwa
fin ii; ai in \,!r I i.01 u akUl O 0 ~ -lete the proposed in-r iection wt
\%hich dthe planners I, .. a dit d c~ ie existing SA.,e 1 ligliway 4S. appn-xi-
:sIt, of, the Visito!. G 1'i. f 1 10S was- n if I niate, 2 iescsudh of Baker, Nevata.
extendi th iugilOUl t'In (; dtfI~~ Xil 0 This .,T.A~rvCtO . o point wa-s digitized frio
Aow,, f ilten 900) littrs a.s v'W~ towel in nir ju,"droingle -;)eet 000i ( nterd as a
froim a po:'r. 50 6n- t kltovc groundi I( vji. ild in4 driii ;ariablc ii 1PlM *'ooadi-
The dLhu-rin V.05 Ve cos-- -j

,iinate the iiil,~l IeiVwshedI fw 10. (Iraiin is essentll~1y ai gravity flco'\
hignes t poteiAl Joinit of (ICV(Ilopn1(ft :1 in ,.A :tn allow.s the user to coianect (iesig-

j~flpo (5!V (Ir t1i :edk lxiit:i arooig the path of lea-st resis-
'Xi I W, X t 11sedk 0) createk 0 C I uP( (,),- leaist envit-ntmeiital custi. It

9 iic' ii' intrg-t. s ail thie hnv i0 i ~ lzsIow an 'imaginary raind-o woul1d
,Ll Cite-ria, The plner siited in ta- draiii fr!oni any beginning point to die low
l1ilifig niouo ( ightZ f)1r die ('n';cinii'P; pc it (12 *lie inoop. If the "topography ' of' C a&
tolj %,ank~les: mnap is in actuality a synt~hesis of environi-

0 rimentally sensitive factors, then the resulting
SLOE: i -(le~res -t)dr-oiage pth is an environmental least cost

clea-es 10pad, or corridior connecting the selected

TA-M: 11)0r stnearri pils
Aro ifn T-'lhe result of tho Gdrain operation

p~roduced a corridor for acceptable road

VIEIWSHPI): unseien area 0 dev elopment comprised of sections of nar-
seen an11a ~-5 row road alignment, 30 m eters wide, and

sections of broader zones of acceptable road
Weights wet-c integrated i n tin additive corridor hundreds of meters widie. In order
fashion. Clas s values insulting Lint exectit- to select a specific, 30 rnete-r wide road
inig wveight %ven- 0, 5. 10, 15, 20, aud 25 ained wthnhebodzesfth

it tectng l th aiou cominaion of acceptable road corridor, the author decided
%i ciable weights. 'te resuilt'ant cl*) t o use a buffering approach which would

des crbed asw ,f "environmental cost inap" force the selection of the shortest route-
dlepicting tie initi-actioli of' A dt- variables within the acceptable zone.
considlert-l in die Uiilysis. Distance was used to develop a buffer

(idos then 01(1 .ii oil the -enviroti- surface With 237 concentric, 30 metter wide,
:]ttiltal cost map.- (cost evaluates a cost rings emanafing from the initial digitized
surface relative to a startig point. It estab- point ie. the "low point" from the Gcost. gut-
lishes di starting point as -i 'tow po-it face. Each ring was weighted at its ring
whiich the user sclects; by entering a 17% (Ilet- number away from the center point
coot-diiate pair. This po~int serves as one (if tg. 1, 2, 3,.Additionally, the unaccept-
two or mn'n points to be connected in the rable road alignetzn aaegtda
next step of the process4 ie. Chdt-in. A cell 5t0 hlet en cepabe as coridor~e zon

map s;imillar to ani (l(Vlltlti map is created was weighted at 0. Weights xe integrated
whiich -vaiiuates the ftii,iinnental cost Of
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in an additive fashion, of GIS technology in alternative formula-

The resultant environmental cost sur- tion, in addition to environmental impact

face map was operated on in a similar assessment, where it has been most fre-

fashion as described above with both Gcost quently used in the NPS. Although the use

and Gdrain. The result of these sequential of GIS technology is far from routine in the

operations was the creation of a single, 30 NPS, successful applications such as this one

meter Wide. 6.5 nile long alignment con- help to build a track record and develop

necting the two points and occurring on.l3 realistic expectations in the eyes of park

within the acceptable road corridor zone pre- management. Once realistic expectations

viouslv determined, from management can be met by GIS tech-
The narrow road alignment was then nology advancement, routine use of GIS will

occur. Based on the success and acceptance
added to the initial broaler zone corridor of this application, GRASS 3.0 has moved
using patch 'his patched file was in tu-n the National Park Service closer to routine
patched into a ci file with existing roads use ofGIS.
and trails. A plot at 1: 1,000 3;cale was then
n,'oduced on mylar to overlay po toogph'c REERENCKS
map Ahich the NTS and FHA plaiiners used
in the field to verifv the resutltz of the Great Basin National Park Act of 1986.

(Public Law 99-,5-- October
27,1986).

Duni-ag -,h la-., week in September.
> PS and FTL.\ planners went to Great Basin National Park Service. U. S. Department of

:'ational Park to evaluate the results of the the Interior. 1988. Great Basin

GRASS i.0 mad alilmlnent analysis. After National Park/Nevada, Alternatives

extensive field work, checki g numerous Workbook, Background and Altema-

sites along the GRASS 3.0-generated, pro- tives. NPSD-12. July 1988.

posed road alignment, planners found the Goodrich, Terry. 1988. Memorandum To:
alternative to be acceptable and to meet the Phil Wondra, WASO, Geographic
criteria used in the model. They were verT Information Systems Division; Refer-
ercouraged by the results of the field test ence: Great Basin National Park, Road
stating that "the corrdor mapping was System Evaluation; Subject: Request
extremely accurate and very helpful." (Goo- for Technical Assistance. October 17,
crich, 1988). Subsequently, the FTIA 1988. Western Team, Denver Service
planner in charge of developing the final Center, National Park Service.
road alignment specifications expressed his
desire to work with our office combining the
Grat Basin data in GRASS 3.0 with the
technical engineering data that the FHA
CADD system produces. 'The applications
could he very beneficial to both agencies."
Goodric. 1988). Our office will be pursu-

ing this opportunty

NPS pSay, r- 7- hav. been further
encouraged to GIS technology by the
success of . replication. The entire
analysis vas Lzcomnlished within a few days
and was comprer,." ) and thorough in its
use of road lignn, .t selection criteria In
spite of the r2latively gross digital topo-
graphic data uwed in the analysis, highly use-
ful, unbiased inform."tion has been gen-
erated in a timely fashion.

This application is also significant
because it further emphasizes the usefulness



SELECTION OF LAND CONDITION INVENTORY SITES
USING THE GEOGRAPHIC RFSOURCES ANALYSIS

SUPPORT SYSTEM

,Stetwn D. Warre, MAork 0. Johnson, Victor E. Diersirg
and William D. Goran

US Army Constucticon Engineering Research Laboratory
E_'nvironmental Division

P.O. Box 4005
Chounpaign, Illinois 61820

AB.S'THACT

Selection of r'epresentatiwv s'es for land condition inventory can be a
time-consuming and subjective task. A procedure is currently being developtrd
by the US Army Construction iEnii.,-ring Re,-- arch Laboratory to remove sub-
jectivity and automate the zitk, selection process for military installations. The
procedure incoipwoes stellite imag(ry and digital soil surveys in the Geo-
graphic RIsourc' s Analyis Support S.tem environment. A ilita-my installa-
tion is stratified by imagery-derived lid,:over categorie md soil series. Inven-
tory sites are allocated in a st-atified random fashion based on the percentage of
the installation occupied by the vairious unique landtcover/ soil series categories.

lackgrmd land rehabilitation efforts and land-use plan-

The IS Army manages approximately ning based on the capacity of the land to
4.5 million hectares of forest and rangeland support various forms of military training.
in the United States. Increasing demands for Effective land management is dependent. in

more frequent and larger scale military large part. on accurate assessment of the
training exercises compatible with modern quantity anid quality of available resources.
veaponry systems have taken a toll on the Therefore, a major thrust of the ITAM pro-
land and natural resources. Some military gram is to inventory the current condition of

installations have experienced tudesirable Army training lands in terms of factors such
shifts in plant srecies composition, reduc- as soil erosion and concealment resources,
tions in vegetative cover and accelerated soil and monitor trends in land condition over
erosion. \s a result, field training realism time through a standardized procedure
has diminished and the longevity of the land known as Land Condition-Trend Analysis
for military training purposes has been (ICTA) f2).
threatened. LCTA incorporates on-the-ground

In an effort to halt the degradation of sampling of soils, topography and vegeta-
miilitary land, the US Army Construction tion. Vegetation is evaluated with both
Engineering Research Laboratory is develop- point-intercept and belt transect methods
ing an Integrated Training Area Manage- and requires a minimum area of 100m x
ment (ITAM ) program (1). The program 6m. Selection of representative sampling
seeks to enhance natural resource conserva- sites for land condition inventory can be a
tion and realistic field training through the time-consuming and lhighly subjective task.
integration of military training requirements The purpose of this research is to develop
with ,,nvironmental awareness education, an automated, objective procedure for selec-
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tinn of land condition inventory sites. The occurrence of the various landcover/soil
procedure utilizes satellite imagery, soil sur- categories is considered a potential inventory
veys and the Geographic Resources Analysis site.
Support System (GRASS). Depending on the amount of error

inherent in the imagery and soil source data,
and the error introduced operationally

Discussiom through data manipulation, geographic infor-
The first step in the site selection pro- mation system products may possess

cess is to acquire a SPOT satellite image of a significant levels of error (3). Given this
given military installation. Ideally, the possibility of error, in addition to the
image should be taken at the -ie of year minimum ra re wrtired for the land condi-
when perennial plant growth is at a peak. tion field sampling method, it has been
Based on reflectance in the green, red and estimated that the landcover/soil polygons
near infra-red spectral wavelength bands, an must be at least 2 hectares (5 awres) in size
unsupervised classification is performed. All in order to be accurately identified and
land areas outside of the installation boun- inventoried in the field. Therefore, the
dary are masked from the satellite image GRASS "macro" that recognizes the unique
prior to the classification to prevent landcover/soil combinations has also been
influence from extraneous land cover types. written in a form that eliminates all
NX maximum of 20 spectrally unique land- polygons that fail to meet this user-defined
,over categzies are pennitted. Due to the minimum area requirement.
nature of remotely sensed imagery, the An additional GRASS algorithm is
landcover categories are sensitive primarily used to randomly select polygons as field
to the arnont of vegetative cover and gross inventory sites. The number of selected
physiognomic differences in plant communi- polygons is dependent on the size of the
ties and, to a lesser degree, plant species military installation. The current policy is to
composition. allow one inventory site per 200 hectares

The resulting landcover data laver pro- (500 acres). For larger installations this
vides an initial stratification for the site may represent an unmanageable number of
selection process. However, a single sites. Therefore, the maximum number of
spectrally-recognized landcover category may sample sites is limited to 200. These sites
actually represent more than one distinct are randomly allocated to the polygons in a
plant community. This may be due to the stratified fashion based on the percentage of
limitation -,f 20 landcover categories the installation occupied by each
imposed on the unsupervised classification landcover/soil category. This process
algorithm or may result from the occurrence ensures proportional representation of all
of more than one plant community with landcover types and soil series. In addition,
very similar spectral reflectance characteris- it allows the spectrally recognized landcover
tics. In the latter case, differences in plant categories to be subdivided by soil series if
species composition are often correlated to field data indicate that more than one vege-
differences in the soils that support the tation community occurs within a given
vegetation. Therefore, a secondary landcover category.
stratification based on soil series is appropri- Field crew leaders are provided with
ate. clear Mylar plastic overlays which

Within GRASS a digital soil series data correspond to US Geologic Survey quadran-
layer is superimposed on the landcover data gle maps. The overlays are printed with all
layer. A GRASS "macro" algorithm has polygons of sufficient size to be sampled.
been written that causes the computer to The color scheme for the polygons is based
recognize each unique landcover/soil combi- on the landcover categories. Polygons
nation as a separate category. The unique selected for inventory by the randomization
combination of a landcover category with a process are labeled with icons. Soil series
soil series category may occur as a single delineations are outlined in black. It is the
polygon or as a series of spatially disjunct responsibility of the field crews to identify
polygons across the installation. Every and inventory the areas represented by the
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,elected polygons. Once a given polygon is
found, the field crew establishes a per-
manently marked vegetation transect that
can be relocated and monitored in future
years to evaluate trends of declining or
improving land condition. In the event that
any given polygon is inaccessible or
unidentifiable in the field, the crew leader
must select the next nearest polygon of the
same landcover color code and soil series.

Coclusion

This procedure for land condition
inventory site selection is currently being
implemented at 15 major US Army training
installations in the United States and West
Germany. Future improvements in the pro-
cedure will depend largely on advancements
in the field of remote sensing and image
interpretation.
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The Use of GRASS in Samping Design - An Examnple
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ABSRACT

An example of designing a sampling scheme using GRASS GIS technol-
ogy will be presented. Topics to be discussed include the use of GRASS tools
in defining and redefining the population to be sampled and the need to clearly
define the hypothesis being tested, as well as the benefits GIS technology can
provide toward sampling design.

The Air Quality Division of the Open canopy was important because pollu-
National Park Service was requested by the tants would presumably impact open canopy
Pacific Northwest Regional Office to estab- vegetation more easily than closed canopy
lish an baseline of elemental composition of vegetation.
vegetation and soils in North Cascades The analysis to define areas fitting
National Park Complex. This was to deter- these restrictions was relatively simple using
mine whether anthropogenic pollutants are the GRASS GIS package. The vegetation
being deposited in the park's ecosystems. data was masked to include only the area
The sampling process was to include analysis within the National Park Complex boundary.
of subalpine fir, lichens, mosses, and soils. This layer was created as a cell file through
A sampling plan was to be developed using Gmapcalc. This theme was then reclassed
the existing geographic information system to include only open canopy subalpine fir
(GIS) data base for North Cascades National and masked with south, southwest, and west
Park Complex. This data base includes a facing slopes thus establishing the sampling
vegetation/cover type theme (Agee et al. population, or so we thought.
1985, Root et al. 1985), and elevation,
slope, and aspect derived from Defense The next question was how to bestMapping Agency (DMA) 1:250000 scale sample this population. One of the criteria
da was that the sampling locations needed to bespread throughout the park complex to

Working with a member of the Air establish a parkwide baseline. It was
Quality Division staff and the team con- thought that a total number of sites between
tracted to collect the field data, the sampling 15 and 25 could be successfully sampled

population was initially defined to be open within a single field season.

canopy subalpine fir on south, southwest, three pile sate r o

and west facing slopes and within the park Three posile strategies were pro-
compex oundry.Them aspcts ere posed for choosing sampling locatons. Sime-complex boundary. These aspects were

chosen based on the assumption that the ple random sampling, not chosen since it
large air masses were flowing into the park would not be likely to generate sampling
from the southwest, and would appear in locations spread throughout the park com-
vegetation on southwest facing slopes earlier plex. The second proposed strategy was
and more significantly than on other slopes, equal area / random sampling meaning split-

ting the park complex into regions contain-
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ing equal park area from which random sites few sample points visited, and the terrain
could be chosen. This method was not was steep enough to make field work virtu-
chosen since it would change the likelihood ally impossible in some locations. In adi-
of any given cell being chosen as a sampling tion, the park staff requested that the sam-
site. Areas with more sampling population pling procedure be changed to allow for
cells would reduce the chance of any given comparisons between watersheds. Their
one being chosen for sampling and areas experience led them to believe the air was
with fewer sampling population cells would flowing in different patterns within different
have an increased likelihood of any given watershed regions of the park. the largest
one being chosen for sampling. The final difference being between the areas east and
pmposed sampling method of equal popula- west of the continental divide.
tion , random sampling semed dfie most Seven watersheds (G. Larson et al.,
appropriate. It consisted of splitting the Oregon State Univ., Draft) were delineated
park complex into regiorns cortaining equal on a park topographic map and then digi-
numbers of sampling popaltion cells and tized and entered into the North Cacades

then s wnpling rndomly within each region. dalta base. These then became the regions
This method provided a means of sprealing within which sampling was done and
the sanpling sites throughout the park co,- between which the sanpling results could be
plex without making uy given cell uiy compared.

ore, (r les likely to be chosen for aiun- The population to be samnpled was
pling. n,defih,d to ameliorate the problems

A ruport was ni to determine the encountered in the field. It was
tout number of ;inpling popilation celIs, hvxkpoilhesized that a given cell was more
ard it w&as dece t, split the park complex likely to be classified correctly as subalpine
into 25 regions within which a random samn- fir if it was not a single cell, but was within
pling site would be z*lected. Initally th.- a large "polygon" of subalpine fir cells. A
park was split into 5 regions running requirement was established that all stands
eas twest each containing one fifth of the of open canopy subalpine fir be at least 19
sarmpling population. This was accomplished acres in size to be included in the sampling
by changing the window, then running a population. A cell file with these stands was
report to deterinine the number of sampling generated by running Gclump on open
population cells within the window, and by canopy subalpine fir, then generating a
trial and error, locating the window which report on tis new layer, and manually
wtidld conLain as clo,, to one fifth the sam- choosing and reclassing only those clumps
plmg population as possible. Again by tiail which were at least 19 acres in size. South,
and eror, each east/west region was split southwest, and west slopes were then used
into 5 smaller regions each containing one as a mask, and a new layer of open canopy
twenty-fifth of the total sampling population, subalpine fir on south, southwest or west
Windowing in on each of the 25 rectangular facing slopes was developed. The problem
regions, a single sampling point was ran- of field work on extremely steep slopes was
domly selected by generating random utim ameliorated by masking on slopes less than
coordinate pairs through a computer driven 65%.
random number generator, and using the It was requested by the field crew that
first location which fell within a sampling t least 10 random sites within each
population cell. This process was tedious, atest be rad. sit wit asand require~d the generation of hundreds of watershed be generated, so that if a site was
coordinate pairs before locating one which not correctly identified as subalpine fir, afell within asamplingpropulationcell, new sampling location could be easilyidentified while in the field. At this time

The sites were plotted and the field GRASS3.beta hal been compiled on the
crew visited the park, at which time the park computer being used, so the random sample
staff reviewed the procedure and a few of locations within each watershed were gen-
the selected points were sampled. The accu- erated through the new module random.
racy of the sample locations being open These sites were plotted for the field sam-
canopy subalpine fir was low within the first piing work.
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The use of GIS technology greatly
enhanced and streamlined the creation of a
sampling design. The sampling strategy was
changed in mid-project and a new sampling
population was defued. This would have
been more complex or perhaps even impos-
sible without the use of a GIS. However
much work could have been avoided if the
question to be answered by this study, had
been clearly defined earlier in the project.
Specifically, are the comparisons of results
to be done on an east-west and north-south
basis, or between geographically defined
regions such as watersheds. Through the
use of GRAS GIS, the population to be
sampled was readily defined and redefined
within a short time frame, without a GTIS,
the same questions could not have been
easily answered.
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Archeological site data, like geographical daui. consist of observations of
the spatial properties of various phenomena, that can be manipulated and
transformed to gain insights into problems of a inultivariate nature. While,
archeological site analysis operates on a much smaller geographic scale than
most GISbased studies, the multi-faceted complexity of a large excavated site
containing thousands of artifacts, stlictural n - ains, and activity loci can pose
as great a challenge in data management, analysis, and interpretation as any
regional study. By applying a GIS system in concert with a relational database
such as INFORMIX together with an exphratery data analysis system such as
the S interactive statistical environment, this analytic task can be much
improved over traditional archeological intra-site analysis procedures.

Badotmd Conventional Archeolgical Intra-Site

Over the past two years the Arkansas Analysis

Archeological Survey AAS), with the The archeologist seeks to reconstruct
cooperation of the U.S. Army Construction past lifeways by uncovering and bringing
Engineering Research Lab XCERL), has order to the distributions of tools, tool mak-
engaged in developing GRASS-GIS applica- ing debris, cooking hearths, trash pits,
tions in the assessment of site variability at house support postholes, stockade lines,
Ft. Hood, Texas. Our most recent efforts to burials, food remains, and other deposits.
err,)loy GRASS in archeological analysis Typically the archeologist has a number of
focuses in on the individual site as the basic aspects of site data to explore and multiple
unit of study. This area of GRASS archeo- questions to answer. Some basic questions
logical applications at the AAS is only in its might relate to the vertical and horizontal
initial developmental stage and more work locations and associations of well-datable
remains to be (lone before we can report diagnostic artifacts that can be used to deter-
fully on the utility of GRASS for this type mine the age and cultural affiliation of levels
of analysis. This paper dicusses some of of the site or the existence of particular tool
the characteristics of archeological site data kits as inferred from the covariation over
to show how an approach that combines a space of sets of artifacts. Beyond the stan-
relational database management system, a dard goals of placing the site within a gen-
GIS, and a statistical system for exploratory eral temporal and cultural context, the
data analysis can be implemented to archeologist might also want to explore the
improve the efficiency and flexibility of spatial aspects of site development in terms
intra-site analysis. of the partition of the site into discrete use-

areas corresponding to site occupation
episodes, family household locations, task-
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specific activity loci, group or public use- multivariate associations of tool sets and
areas, family and village waste disposal artifact classes. In relying on cumbersome
areas, and ceremonial areas. time-consuming batch programs, there is

These levels of archeological pattern often little chance for multiple iterations to

recognition must be inferred from basic explore alternative ways of expressing the

units of artifact data recovery. Ihis is data and refining results.

accomplished through careful excavation of To explore intra-site patterns, detailed
the deposits with very precise control over site plans, consisting of meticulously hand-
the provenience or vertical and horizontal drawn maps of features, artifacts, and test
location of archeological samples. Fre- units, ame then manually or mentally over-
quently there are two closely related corn- laid to obtain a sense of the composition of
ponents to a site occupation. Th- first is the the site with respect to the dozens of single,
consists of the narrow zone of archeological bivariate, and multivariate dimensions of the
debris perhaps 10 to 30 cm thick cxtending data. This sometimes includes the expres-
horizontally across the site which encorn- sion of raw cr transformed data to assess
passes the original living surface and con- spatial patterns in the distribution of
tains most of the site debris. Such debris artifacts using choroplethic mapping tech-
may include clusters of tools and pottcry, niqucs. tecez the techniques to accom-
lost or discarded artifacts, the waste debris plish these tasks are not well integrated, the
I)m stone tool manufacture, and bits of process of setting up and running programs
, aI, nimal bone, and carboize.d plant for intra-site snpt'a! analysis consumes a

,vmrains discm-ded as reflse The sec.nd legc amount energy that could be better
part of i ate occupauuoi inclides the pits, spent in the actual mental processes of site
house support postholes, stockade line , analysis.
ourials, and hearths commonly referred to
as features that were dug by the inhabitants A Comprehesive System for Intra-Site
of the site through the occupation level into Analysis
the subsoil below. Data from the occupa- What lacking in the conventional
tion surface are recovered through excava- approach to site analysis is a comprehensive
tion of square sample units laid out across means of efficiently storing, displaying,
the site in a grid fashion while features usu- combining, and manipulating artifa3t data in
ally are excavated as discrete units. an interactive fashion to explore data and
Features and sampling units and the particu- build a series of new site maps that derive
lar vertical levels in which each were exca- from the resulting higher levels of under-
vated represent proveniences that constitute standing of the multidimensional aspects of
the fundamental units of site analysis. the data attained at each step of the analysis.

After laboratory processing, conven- What is needed, in addition to access to a
tional site analysis begins by examining the GIS like GRASS, is relational database
distribution of classes of artifacts such as management system to serve as a means of
pottery, lithic tools, lithic waste material, retrieving basic descriptive and locational
bone, plant remains and other samples for information on artifacts referenced to each
the site as a whole and for each of the feature and sample unit provenience and
feature and test unit proveniences. At some linkage between the GIS and a compatible
point in the analysis, the archeologist begins interactive exploratory data analysis (EDA)
to focus in on the relationships between system. Fortunately, the components
pairs or sets of multiple artifact classes that needed to build such a system are available
are associated with an activity or some other now.
behavior that took place on the site as The first component, an efficient data-
inferred from their covariation across base, is met at the AAS with an HNFORMIX
features and test units and between different relational database called DELOS developed
horizontal zones of the site. For lack of any by the Survey to access site level archeologi-
other means, site data are often analyzed in cal data. DELOS is designed to afford flexi-
a rote fashion to look for significant statiati- ble processing of data about archeological
cal trends in the univariate, bivariate, and materials and their spatial context by linking
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p)nwvefit-nc(. inforiiaio ii concerning the representations of the data and utilizes
vertical aid horizontal location of an artifact graphic representations such as three-
with dlescriptive observnations about the mor- dimensional plot rotations of multivariate
phology and cultural context of the artifact. relationships to bring the brain's full visual
The DEILOS system for ordering artifacts is processing capabilities into the gestalt of pat-
arranged in a hierarchical framnework to tern recognition. S can also be used to
allow for varyilig levels of spe~cificity inl the setup deductive analysis by using the EDA
classification of artfacts. For example. one capabilities as an entry level step in a multis-
could access the locationIs, counllts:, and tage investigation where the relevant rela-
xAviglits of all pottery, from a site or pottery tionships are first assessed to explore the
Of a ceItainl doSiga1 WUa ('1littIal affiliation. oi- complex multidimensionality of the data
onl1Y the coulnts of' i fianilwiL for a c r- 'irior to) hypothesis forimulation ( Can- 1985).
tarin pottenY type or dth\.~ diameors for hi addition to the analytic tools pro-
ifllI5 Iii additioii, tht se potlt -% tttribuies vliled withl-i GRASS, GRASS is setup to

could be accessqed for aiiy or ali dimcre tanpr informiation from datalayers to S
excavation units ali(. vertic:- l(-,e.s V'-Ithin via tlw GRASS to S inodule, and the S ss
units or for various pits, postmold--a idl tern is w-11l setup for Other sorts of an-alytic
buiiri als. t--chnicques that may be desirable in site

Two of thle components of' tills ,site ancss Thus if the mapset caitegories are

anatl 'sis system, a GUS and an ED., r mv features, sample units, and surface collec-
ohwdyell atkogrted in) GRASS CiERI- tioi, grids and the mapsets are all artifaict
19, .G'RA- S, the Geographical Itesources _Fisses reclovered during the excavation,

Anialy is Stipport S"im.is; :- compreheni- GRA SS acts as a component in a dat.-ba&-
t~l(; Gco iaic~td inl! ornlaorl S ' -stm IS o naagement system for setting up EI)A in
deve.(lope~d for Army installations by th I .S. S. Thle AAS has developed modules in S
ArniY Constr-uction ngineering Rosearvh that make available, in a mnenu form. mac-
IA,(,ratory, CEIL . \( ASS is anl ros for univatiate, bivariate, and mnultivari-
i netkgrated set of tools to rnanage land ate analysis of datasets that have been tran-
rT-sources by providin~g ineans of inputtig- ,poitt'd front GRASS. The modules will
storing, and manipulating data which arc, illov access t-- S statistical options such as
stcrie1 in maplayers consisting of spatially boxpiots. itgrns bivariate plots, regres-
dis;,crete cells across; the region of initerest. sion analysis, three-dimensional spin of data
GAA e can store anid process infcronntion in swarm~s, cluster analysis, principal comn-
tvin-. of' a vectors iclumips of' cells) or as ponents analysis. discriminant function
coordinate point data (singl cells. Many analysis, multidimensional analysis, and
useful tools for intra-sitp analysis are avail- many others. There is also the capambility of
able in GRASS such as mapping programns, routing output from analysis in S back into
ne-arest neighbor analysis, pr(oximity GRASS as a new maplaver to be displayed
;oiaiybis, cost-surface studies, coincidence and manipulated using GIS tools.
ald chi square tabli's, and many other
boolean. mathdiatic, and algebraic furic- Setting up Site D~ata for CRASS and S
tons that, operate on miapsets. Analysis

The EDA component is net by "S', an The AAS is in the process of analyzing
int-rictive environment for dlata seening, and loading site data into GRASS for the
atnaly-sis, and graphical display that runs 1hardrnan Site 3C1418) located in Clark
under the UNIX operating system of Bell County. Arkansas recently excavated by the
Iaboratories Becker and Chambers 1984). AAS for die Arkansas Highway Transporta-
E:D, is an inductive approach to searching tion Department. 11ilarran is a prehistoric
for patter-ning in a dataset with tue goal of Caddo Indian habita9tion and salt processing
of' gaining insights intoj the nature of die site, dating between 1400 to -About 1600
datoi's total structure, particularly the unanti- A.D. Excavations at Ilardrnan recovered
cipated relationships that may occur. EI)A over 900 features identified as sulppolt-posts
involves iterative, stUpwise f'xamnination _.d for houses, screens, anld enclosures: refuse
visual iiisp(-ctiof of the many alternative pits; burials; hearthis, and thousainds of
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artifacts of stone, bone, and shell; frag- Since the vast number of potholes
mented and whole ceramic cooking, storage, Tnakes recognition of circular house pat-
and salt evaporation vessels; plant and terns, enclosures, and other sets of related
animal food remains; and chronometric features difficult, the postholes maplayer will
samples that will be used to date areas or be subsetted to remove the noise created by
levels at the site. multiple and overlapping occupation

The excavation sample units of the episodes. As we learn more about the site

occupation zone include a dozen 2 by 2 based on the archeological content of

meter units and fifty-five 1 meter by 50 cen- features, a series of maps will be generated

timeter column samples. These units are to represent our understanding of the pat-

being individually digitized as vector terns and associations of pits, burials,

maplayers from records made in the fild. postholes, and hearths and their affiliation

Each unit vector has an identification label with datable episodes of site use. Multivari-

that corresponds to the field specimen ate analysis of the artifact content of the

number assigned all artifacts recoverni occupation level and the features should

within each level of each unit of the occupa- help us to also obtain details about the spa-

tion zone. This maplayer of excavation tial structure of the site with respect to the

,hxits will be !oaded with counts and weights positions of activity use-areas which can also

of particular artifact typos, bone, plant. be tsp hyed with the other site data to build

-:nains, etc., from the DELOS database a picture of the site for the various prehis-

iid niw seperate maplayers will be created toric occilpation episodes.

for each class of archeological material. The use of GRASS in combination
These datalayers will then be accessible to with a relational database management sys-
GRASS tools such as neighbors, Ginfer, ani tem like DELOS and an interactive EDA
Gmapcalc to extrapolate patterns in the den- such as S car) go far in providing the tools
siy distbution of artifacts. Datalayers can necessary for fleshing out the multidimen-
also be combined when appropriate with the ional nature of site development and past
overlay Lools in GRASS to provide a view of lifeways. A detailed evaluation of the
patterns of multiple artifact distnbutions and implementation of GRASS in the Hardman
evaluated with the coincidence tools to intra-site analysis will be reported later this
assess the _ssociation of pairs of artifact year.
classes.

The features (hearths, burials, pits, REF NCES CITED

and postholef,) are being digitized as vectors Becker, Richard A. and John M. Chambers
or as coordinate points from site maps 1984 An Interactive Environment for
prepared from drawings and instrument Data Analysis and Graphics. Wads-
readings made in the field. One maplayer worth Advanced Book Program. Bel-
will be made for each of the feature classes mont, California.
to penrmit flexibility in later segregation or Carr, Christopher 1985 For Concordance in
overlay. The vectors are of a variety of Archeological Analysis, Bridging Data
shapes consisting of circles, ovals, and irreg- Structure, Quantitative Technique, and
ular amoeboid-like features which are being Theory. Westport Publishers in
digitized using the stream mode. The cooperation with the Institute for
majority of the postholes are being loaded as Quantitative Archology, University of
points which can be displayed with icons Arkansas. Kansas City.
designed to approximate the circular shape CERL 1988 GRASS 3.0. September, 1988.
and proportional diameter of the original Unitd States Army Corps of
posthole so that a realistic map of the site Engineers, Construction Engineering
can be displayed. Like the excavation units Research Laboratory, Champaign, ri-
artifact data from DELOS are being loaded Res
into each feature vector to create many
datalayers that can be analyzed with GRASS
and S tools in a number of permutations of
feature type and artifact class.
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GRASS APPLICATIONS IN MACRO-SCALE
CHOROPLETH MAPPING

J. J. Lockhart
Arkai. s Artuheologkcal ,S wv

P.O. Box 1249
Feyetterilh,, AR 72701

ABS RACT

The Arkansas Arhcoh gical Survey is currently preparing an overview of
the cultural resources fomnd in the U.S. Army Corps of Engineers"
Southwestem Division. This paper outlines the processes involved in
representing the spatially oriente-d ;ittributes of the eight-state region using
GRASS and the cartographic tcchnit.te of cho'oploth mapping. In particular,
the issues of data collection, standartidzation, , s!fication, symbolization, and
map production are dis'ussed in terns of cartograpuc theory and GRASS appli-
cations.

Over the prst several years, the Arkwn- cartographic technique of choropleth map-
sas Archeological Survey has been preparing ping. F'm the Greek words, "choros"
an overview of the cultural resources found meaning ph'ae, and "plethos" meaning mag-
in the U.S. Army Corps of Engineers" nitude, the term "choropleth" denotes a
Southwestern Division. Among other tasks, specific type, of representation in which
the project involves the identification of cul- quantitative thematic maps are used to sym-
tnral features found in the study area, and bolize the magnitude of ordinal level data
will result in a number of recommendations within the boundaries of unit areas (Robin-
concerning resourcc management. These son et al., 1984).
recommendations will be based, in part, on The extensive use of choropleth maps
locational analysis urtle possible through may be due, in large part, to the efficiency
the development of a database and with which they communicate geographic
corresponding GRASS data layers. information, and the relative ease with

The study area encompasses almost 20 which they can be produced (Anderson and
percent of the continental United States and Child, 1987). There are, however, several
is comprised of more than 600 counties in fundamental cartographic principles that
Arkansas, Louisiana. Texas, Oklahoma. should be considered in the design process if
New Mexico. and parts of Missouri, Kansas, these maps are to be effectve in terms of
and Colorado. The corresponding database graphic communication. In particular,
for the Southwestern Division contains a choropleth mapping is dependent on data
number of individual data themes. ranging collected by statistical or administrative
from various attributes of archeological areas such as states, counties, or census
interest to demographic information such as tracts. Because these units are often of
population density and change over time. unequal size, the data to be used is generally
Much of the available information was standardized such that it takes the form of
recorded in the form of county totals, some type of ratio surh as densities or per-

Data collected by statistical areas such centages. After the dnta is standardized, the
as counties is often represented using the data elements are typic.lly grouped into four
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to seven classes each of which is assigned a the two counties were standardized by
representative color or pattern. Using this county area so that the finished map
technique, each area on a map is assigned represented archeological sites per square
the appropriate symbolization according to mile. An example of standardization
the data range it fits into. Finally, map ele- independent of area, on the other hand,
mrents such as the title, scale, legend, and might be a choroplethic representation of
data scurce arc added to complete the carto - population ciange through time in which
graphic product. change for each county is shown as a per-

Data Collection The initial require- centage so that the unequal size of the

ment for the mapping aspect of counties is not a factor.

Southwestern Division Overview was the Data Classification After the
collection of quality information. The data Southwestern Division database was in
used in the project comes from a variety of place, the next otep was to establish data
sources including the U.S. Census Df Popu- categories for each attribute by grouping
lation, and archeological inventories for each gimilar data elements intc classes. The pur-
of the six study units. Data for each 1ttri- pose for clsi.ng the daca is to generalize.
bute to be mapped was entered into a dau^- aid thereby simpLfy and enhance the recog-
oase according to county oi county itioii of the geographic patterns. In order
e-iuvalent. So, the first data field conisted to maxinize classing accuracy, areas which
,f the 509 county names sorted alphabeti- arc q-,ianttatively sinilar should be grouped

ed:v The next field contained each together and represented by the same sym-
c:,',Lv' identification number. This bol However, because of the existence of a
r1unber ,-'as alo encoded into the v-ariety of classing procedures, se.,eral
corn: ; :.ndig county ava or, th,, bake imp different map distributions car. be generated
in GRASS so that data Nalues could ::o uing a angie data se+ This situation poses
keyed to their locational counterparts. The R problem to cartographers concerning which
ncx. twe fields consisted of stat and s.tidy classing method, or algorithm, to use with
unit affiliation. Then, a field for each of the any given data set. While certain classing
veriables to be mapped was established, auid methods produce more accurate results with
thi, apompriate values for each county vm certain data distributions, some research has
entered. shown that the classing method most likely

Data Standardization Certain data tc, produce accurate and reliable results with

fields, Ruch as "county area in squar miles" any distribution is the optimization pro-

and "population by countV', were added to cedure first proposed by Jenks and Caspall

the data base for purposes of standarliza- in 1971 (Snith, 1986). Optimization class-

tion. As previously mentioned, data in the ing is an iterative process which establishes

foim cF absolute, or raw, numbers alone are class intervals by minimizing variation

not ordinarily used in choropleth mapping within classes and maximizing variation

SRobinson et al., 1984). Absolute numbers between classes.

are typically standardized so that the data is In addition to accurate classification,
represented either by ratios involving area proper legend design can also enhance the
such as densities, or ratios independent of effectiveness of choropleth map communica-
area such as percentages or proportions. tion, The legend should contain the actual
The ieason for this is that most chompleth class limits without repoiting values which
maps contain areas which are unequal in do not occur in the data iet. The result is to
size. F r example, Los Alamos County, a narrow the reader's estimate of the actual
very small county in north-central New value of any area belonging to each category
Mexico and its neighboring county, Santa (Dent, 1985).
Fe. have a similar number of archeological Data Symbolization Conceptually, by
siws. Howevr, to show them in the same using area symbols with quantitative data, a
class would be a misrepresentation due to statistical surface, or z-value, is implied. In
fact that Santa Fe County is more than 17 choropleth mapping each statistical area is
times larger than Los Alamos County. To symbolized to represent the vertical height
corrrct for this, archeological sites in each of of its data value (Dent, 1985). This princi-
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RECLASSING IN GRASS AND ITS APPLICATIONS FOR
SOIL ATTRIBUTE DATA

Parla Thonrr n

U.S. Army Corp of Engineers
Construction Engineering Research Lab

P.O. Box 4005
Champaign, IL 61824-4005

ABSTRACT

The Geographical Resources Analysis and Support System (GRASS) is a a
grid-cell based Geographical Information System (GIS). GRASS is a tool that
can be used to manipulate map layers and perform analysis useful for environ-
mental planners and land managers. Eah map layer in GRASS is made up of
two different types data: (1) the spatial dat ,hat designates where in space a
particular geographic feature occurs, and 2) attribute data that assigns the geo-
graphic feature a specific label. New map layers can be created from existing
layers by using the RECTASS function which assigns new attribute data to the
existing spatial data.

Reclassing is especially useful for from soils maps are useful and important for
United States Departnent of Agriculture - so many types of analysis, consideration
Soil Conservation Service (USDA-SCS) soils must be given to the issues involved in
maps, since each mapping unit on a soils reclassing soils maps.
map has several soil properties and interpre-
tations associated with it Map layers RECLASSING IN GRASS
representing these properties and interpreta-
tions are useful for many types of analysis.
In addition, USDA-SCS has their soil infor- The Geographical Resources Analysis
marion entered into 2 databases which can a Sup or System (G i G
be accessed through a search and retreival graphical Information System (GIS)
system, creating a readily available source Eveediat theLU.S.aArm y Crn
for reclass information. However, SCS soil Engineering Research Laboratoriy, Chain-information is structured so that most of the paign, IL. GRASS is a tool for storing, com-
data is based on soil taxonomic units and bining, analyzing and displaying multiplenot on the mapping unit depicted on a soils map layers for use in environmental plan-map. Reclassing the soil mapping units ino ning and land management. It is a grid-cellmap Relasin th sol mppng nit, ito based GIS, but does have some vector
properties and interpretations based on taxo- ba Gapbtes h
nomic units can become confusing, sinc- display capabilities.
mapping units often contain 2 or more taxo- A map layer within GRASS is made up
nomic units. Furthermore, soil properties of two types of data; (1)the spatial data that
for any particular taxonomic unit are designates where in space a particular geo-
recorded by soil horizon. The depth incre- graphic feature occurs, and (2)attribute data
ments for soil horizons vary from soil to that assigns the geographic feature a specific
soil, making reclassing for a specific property label. For instance a vegetation map layer
difficult. Because the reclassed maps derived would consist of spatial data that puts the

areas of specific vegetation types in the
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correct position in space and attribute data survey reports, using nationally approved
that records what type of' vegetation com- guidelines and definitions. These soil survey
munities are present. reports give general descriptions of mapping

Since spatial and attribute data are units, as well as estimates of soil properties

entered and stered separately in GRASS, such as texture, permeability, and have

new map layers can be created from the tables giving physical and chemical proper-

existing spatial data simply by assigning a ties and use interpretations for the soil

new set of attribute data This is done by series and phases of a soil series. Soil survey

using the reclass or Gredass function in reports are published for specific soil survey

GRASS. In the above vegetation overlay areas which are most commonly counties or

example, the attribute data assigns each area groups of counties. These reports can be

of the map a vegetation type. This overlay ordered by contacting either the SCS field

can be reclassed to create a map mrersent- office for the survey area of interest or by

ing any of a number of properties or chanw- contacting the State SCS office for the state

teristics of these vegetation types, such w, containing the survey are.

cover density, total forage production, et ... The soil information contained in soil

In the in.n'st of saving disk space, s-rvey report-: is also available through SCS

reclass does not actually produce a new map, soil The data developed in the

bu'. insti ad, crettes a reclass table containing process of making soil surveys are entered

,, e nw attibutz daa which is stored an( into a computer at the Statistical Laboratory,

,_d to roclassify thc original map layer I vL!a:, University, Ames, b wa.

vAenever the new nrciassed map name is The data are entered into two different
requested. As far as the user is concerned, a databas-s, S01-5 and 801-6. The SOI-5 is
new reclassed map has been created, the database for the taxonomic unit, usually
Because reclass tables are based on the origi- sot series (and phases of soil series). It con-
nal map layer. reclass nmaps are only avail- taias information from the Soil Interpreta-
able as long as the original map layer tion Record, which consists of a brief soil
remains in the database. description, as well as estimates of soil pro-

Reclassing is especially useful for perties such as texture, permeability, depth

crealing additional maps from original soils to bedrock, frequency and duration of flood-

maps. Soil maps are commonly reclased ing, yield estimates of crops, woodland and

into soil property or soil interpretation maps. range production uder stated management

These types of reciassed soil maps e useful systems, suitability or limitations of soils for

as input for various analyses, such as specified land uses, and soil features

evadlating soil erosion status, siting a new ffecting specified land uses.
landfill or determining suitability fcr crp The S01-6 database is the database for
production. Another reason soils maps are the mapping unit. It contains information
particularly suitable for reclassing is that the from the Map Unit Records, which consists
United States Department of Agriculture - of mapping urit characteristics (such as
Soil Conservation Service has put their soils slope. USDA texture, flooding frequency,
property and soil interpretation data into prime farmland code), critical phase criteria,
databases which can be accessed through a and survey acreage by county. The 01-6
soils information system. Reclassing can be database does not, however, contain infor-
done using a soils information system and a mation about specific properties (other than
data base management system (DBMS), or those listed above) or about use interpreta-
by entering reclass information directly. tions. This type of information is only in the

SOI-5 database.
It is important to distinguish between

SOILS DATA SOUR(,ES taxa in soil classification and mapping units

USDA-SCS (United States Department on a soil map. Soil Taxonorny (Soil Survey
of Agriculture - Soil Conservation Service) Staff, 1975), makes the distinction between
is in the process of mapping soils for all the taxonomic unit (or soil series, family,
areas of the United States. SCS produces soil great group, etc.) and the units shown on
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the map (map units), sa ,ing they are two soils included. When using a soil survey
different things and must not be confused, report to reclass, soil complexes could be
even if they carry the sane name. Taxo- named with the percentages of component
nomic units are described and defined using soils included. Then, when using the
clear rules and guidelines. However, because reclassed map for further analysis, a
soils can vary greatly in their properties, weighted average approach might be taken.
they rarely fit neatly into the bounds of the Currently, the SOI-6 database (Map Unit
taxonomy. The mapping units often Use File) does not give relative percentages
represent variations fronm the central concept of component soils for soil compley.o.
of the taxonomic unit. In addition, mapping One way of ap p;caching this problem
units are used when separatng individii of reclassing ;ofl complexes using the SCS
soil taxonomic ufitu v.-oui,! bt imprctical. datL-a1 ses is to reclass using the values from
For large-scale maps SCS defines lai .e the S01-5 database for the element of the
scale maps as maps with &ales rif I ;)D.'SO complex that constitutes the greatest area of
or larger), mapping unitS are, rn', corn the mapping unit. Complexes are named by
monly named as phases of o ,ill seric,. But, listing the ;iane of the soil that makes up
soils can often he too oll or t,,o intioiately the greatest portion of the mapping area
associated witi othcr -oils ic mappted first. If the goal for reclassing is to create a
sepa-atel:- at scales commonly u.edor so.t general soil properties map, this approach
mops. In these cases. mapping uni-_ , may be sufficient. Howvver, when the map
comni nly named as a complex of two o.- to be used for specific management pur-
more soil sien, mu associatioi of tv rr poses, such as suitability for pesticide appli-
mnor- series, or L combination of two or ;ation or suitability for landfill cover, this
more ,mdiffcvntiat, ,uuop depending oil method may result in classifying an area as
the variability of the delineated map areas suitable when somewhere within the area
and on te constraitt plaed b, the sca-e of there are soils with severe limitations.

Another way of reclassing soil maps is
to use a limiting factor approach. For this

APPROACHES TO RECLASSING method, soil complexes or associations (if

SOILS MAPS needed) would be assigned values
corresxnding to the soil element that has

Information f -r reclassing soils maps the most limiting factor for the purposes of
can be awquired from soil survey reports or the map. Of course, this assumes that the
from s.oil databases, such as the 0I-5 and uses for the map are known before reclass-
S0)1-6 (lbases. Whether using a soil sur- ing. For instance, if a soil map is being
vey rmport directly or using soil databaios. reclassed to 9 map showing suitability for
there am inherent problems trying to relate basements with dwellings, the soil com-
the conceptual taxonomic unit (SOI-5) to plexes would be given values corresponding
the soii mapping unit (1OI-6) for the pur- to the soil element within them that has the
poses of reclassing soil maps for further most severe limitation for dwelling with
analysis. It becomes difficult to assign basements. This would prevent the area
specific soil properties or interpretations to a mapped as a complex from being classified
soil mapping unit that sometimes includes as good for dwellings with basements when
meore than one taxonoinic unit In pw-ticular, it may actually contain a soil that has very
soil complexes pesent a problem because high shrink-swell. When using the limiting
they can consist of component soil series factor approach for reclassing a soil map to
that can vary greatly in their properties or soil properties such as pH, texture, bulk
use interpretations. Soil associations do not density or erosion factor, the ultimate use
seem to cause a problem, since they ar for the map must be known in order to
usually imapped only when their component reclass using the correct value (high or low
sA)ils are similar in their properties and use values being limiting?). For instance, if a
interpretations. In a soil survey report, soil soils map is being reclassed to represent soil
complexes are described with the approxi- permeability and the resulting map is to be
mate relativ-f percentwge of its component used to indicate those soils suitable for
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landfill construction, soil completes should 1. USDA texture Limiting Factor-use the
be assigned values corresponding to the soil soils with silty textures. Map may be
element in the complex that has the highest used for soil erosion analysis, silty
permeability value. This is done because soils erode more easily.
soils with high permeabilities have limita-
tions for lhmdfl1 con=t'tictin, giree wr.,te 2. pe.cnt urg c rattr L.iitir.g
materials may leach through the soil and Fator-use the soil with the lowest %
reach the ground water quickly and easily. If organic matter. Map wmy be used to

the same soils map is being reclassed to indicatehh soils have poor suc-

represent soil permeability for the purpose ture and therefore easily compacted or
of indicating soils with limitations to septic eroded. Scheduling maneuver training
tank construction, just the oppcsite approach on these soils should avoided in wet
for reclassing should be used. Soils with low conditions.
permeability values are not useful for septic
tank construction. > = 0 but < 1

The concept of soil horzons als> = 1 but - 2
>= 2 but < 5

creates a concern when reclassing soils maps 5 but< 2

into soil properties or use interpretations.

Soils are defined, in part, by the character = 20

-iid thickness of their soil horizons. In the
"01-5 datebs e, %il properties are reported 3. permeability (minimum in/hr) Limit-

:ij tables for each soil horizon. The depth of ing Factor-create two reclassed maps,
tnese soil horizons) varies from soil series one using the soil with the highest per-
to soil series. For example, the soil surface meability and one using soils with the

may be the first 5 inches for one soil and lowest. Low permeability may be

the first 24 inches for the other. The second favorable for analysis concerning
horizon may be 6-10 inches for one and 9- landfill cover, while high permeability
47 inches for the other. To get around this may be useful for septic tank construc-
problem, general surface and subsurface tion. Low permeability may also indi-
categories can be used. For example layer cate wet conditions during periods of
1= first horizon, regardless if its 0-5 inches high precipitaiton. Maneuver training
or 0-24 inches. Four layers should be may be complicated by wet, muddy
sufficient for most soils; (1) surface hor- soils.
izon, (2) second horizon, (3) third horizon, > = 0 but < .06
and (4) below the third horizon. > = .06 but < .2

>= .2but<.6

> = .6 but < 2.0
SOILS RECLASS EXAMPLES > = 2.0 but < 6.0

The following are some of the more > = 6.0 but < 20.0
common soil properties, use interpretations
and land use suitability classifications that 4. available water capacity (total inches)
may be of interest to land managers. This Limiting Factor-use soils with low
type of soil information could be used to available water. Map may be .used to

reclass an original soils map. A suggested indicate soils with limitations for

number of layers to be reclassed are given revegetation. Low available water

for each soil property. When reclassing soil would be detrimental for plant growth.

complexes and associations, an example on

how to use the limiting factor approach is > = 0 but< 3
also given for each soil property and use > = 3 but < 4
interpretation. The value ranges, where > = 4 but< 5
appropriate, correspond with those net up by > = 5 but < 6
SCS and used in the SOI-5 database. These > = 6
value ranges -ry be used for categories in
the reclass map.
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5. erosion factors (K and T) Liniting periods of high precipitation.
Factor-use soils with the highest K fac-
tor and the highest T factor. Map may b. flooding duration.
be used for erosion analysis. Low K . floodingduonths.
factors mean the soil is easily eroded. d. high water table depth
High T values mean . watr alee. water table ki,',d.

f. high water table months.
6. moist bulk density (maximum glcc)

Limiting Factor-use the soils with the
highest bulk densities. Map may be soil intaTprations and land use suitalility
used to indicate soils with limitations
for revegetation. High bulk densities Limiting Factor-use the soils with the most
can be detrimentwl for plant root severe limitations for the following
growth High bulk densities, however inrpretaions.
may be desirable for mal building.

-0 but < 1.0 . saitary facilities - includes ratings for
- 1.0 but 1.2 the following:

> 1.2 but< 1.4 a. septic tank absorption fields.
- 1.4 but < 1.6 b. sewage lagoons.

1.6 but < 1.8 c, sanitary landfill (trench)
1.8 d. sanitary landfill (area)

e. daily cover for landfill.
7. pH Limiting Factor-use soils with ,fr

lowest pH. Map may be used to indi- 2. water management - includes ratings for
cate soils with limitations for revegeta- the following:
tion. Low pH is generally detrimentalfor plant growth. a. pond reservoir area

b. embankments, dikes and levees

> 0 but < 3.6 c. excava!eUd ponds - aquifer fed
> 3.6 but < 4.5 d. drainage
> 4.5 but -' 5.6 e. irrigation
>- 5.6 but < 6.6 f. terraces and diversions
> 6.6 but < 7.4 g. grassed waterways

7.4 but < 8.5
" - 8.5 3. wildlife habitat suitability - includes the

following information:
8. salinity Limiting Factor-use soils with a. Potential for several habitat elements.

the highest salinity. Map may be used b. Overall potential for:
for to indicate soils with limitations for
revegetation. High salt content can 1. openland wildlife.
generally be detrimental for plant 2. woodland wildlife.
growth. 3. wetland wildlife.

= 0but< 2 4. rangeland wildlife.
2 but< 4

> 4 but < 8 Glosary
= 8 but < 16 The following are definitions that will
- 16 be useful for tis discussion about soil data

9. flooding and high water table - and reclassing in GRASS.
includes the following information:
Limiting Factor-use the soils with the (1) Taxonomic Unit - A named kind of
most frequent flooding and the most soils(taxon) that has specific properties with
shallow high water table depth. These defined limits or ranges in characteristics.
oils could present problems during Each ciass within the six categories of "Soil
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Taxonomy' is a taxonormic unit. management, but cannot be separated at the
map scale being used.

(2) Soil Series - A group of soils having
horizons that are similar in differentiating (9) Si Association - An association is
characteristics, except for differences in tex- similar to a soil complex except the
ture of the surface layer or of the underlying members of an association could be
material. All soils of a soils series have separated at wales commonly used or.
major horizons that are similar in composi- detailed soil maps (15,840 - 24,000).
tion, thickness and arrangement.

10) Soil Horizm - A soil horizon is a layer
(3) Phase of a Taxononic Unit - A subdi- of soil approximately parallel to the soil sur-

vision of a taxon based on texture, stoni- face with characteristics influenced by
ness, erosion, salinity, contrasting substra- genetic processes. Each horizon is separated
turn, etc. Generally used in combination from adjacent ones on the basis of
with descriptive terms that define the slope, differences in properties. The composition
physiographic position, or specia! environ- and arrangement of soil horizons in a soil
mental characteristics of the map unit. A profile (a vertical cut exposing the various
phase bridges the gap between the taxon and parts of a soil) are the major determinants in
the map unit. the classificaticn, mapping and use of land

areas.
(4; Phase of a Soil Series - A subdivision

bawd on one or more characteristics that are
potentially significant to i1se or management
of the soi. The most common basis for del-
ineating phases is slope, surface texture,
erosion, stoniness, salinity, contrasting sub- REFERENCES
stratum, physiographic position, Ead flood-
ing frequency. Soil Taxonomy, a basic sytem of soil

classification for making and interpre-
(5) Sdl Map Unit - An area of soil s) del- tating soil surveys, USDA Agriculture

ineaxted on a soil map. It contains one or Handbook 436. 1975, Washington,
more taxonomic units. DC., V.S. Government Printing Office,

(6) CxcrLoation - A map unit that is dom- p

inati.d by a singe kind of soils of miseel- An Interactive Soils Information System
laneous ae User's Manual, U.S. Army Corp ofEngineers, Construction Engineering
(7) - Research Lab, Pamela Thompson,

Unc~h~~iate Grxij~Twi or oreKeith Young, William D. Goran, Al
taxonomic units that are not regularly asso-

ciated together. The members of an Moy. Technical Report N-87/18, July

undifferentiated group commonly are similar 1987, 83 pages.

enough in morphology and/or behavior so
that separating them on the map is not
important for the objective of the survey.
Such a unit is named by combining the
names of the taxonomic units with "and'.

(8) Soil Cnplex - Two or more taxonomic
units that occur together in a more or less
regular pattern and are so intricately mixed,
or so small in size, that it is not practical to
separate them in mapping. The members of
a complex commonly have contrasting mor-
phology, as well as potentially unique use or
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FIXING ARTIFACTS IN THE DATA YOU MUST WORK
WITH (PART 1): USING GRASS TO INSPECT AND EDIT
DIGITAL ELEVATION MODELS (Initiating a new series (?)

on data quality control using GIS)

David Hastings

NOAA
National Geophysical Data Center

325 Broadway
Boulder, CO 80303

ABSTRACT

Digital elevation models are fumdariental to many Geographic Informa-
tion Systems GIS projects. Iata sets such a; slope, aspect, shaded relief, and
watershed models derived from DIEls are also importamt to many projects.

However, none of tbe digital elevation modeis currently available have been
produced with your application in mind. Most of these data are characterized
by artifacts that can adversely affect. your project. Many of these artifacts can
be detected and at least partidly alleviated in a GIS or image processing system,
Another advantage of such processing is the possibility of completely docu-
menting the work.

The Pinion Canyon are, near Trinidad arid La Junta in southeastern Colorado,
is used to illustrate the detection and partial repair of DEM data in GRASS.
Although the National Park Service systemused for this work was performing
beta-tests of GRASS 3.0, this study used GRASS 2.0.

,imple color display may not adequately detect artifacts (though in Pinion
Canyon many artifacts are so obvious that the simplest of visual inspections in
a GIS will detect them); more sophisticated but simple-to-produce displays
using very tight color density slices, computations of slope and aspect often
show such features of dat&

8,imple data dropouts, for which the values of individual grid cells at the edges
of qualrangies are zero, can be repaired by combinations of filtering and patch-
ing. More complex dropouts, where the values may be almost (but not quite)
zero, or where they may be unrealistically high (3700 meters at sutures of the
rnosaiced quadrangles in sorne parts of Pinion Canyon, where tue elevations
are 1200-1800 meters) cannot be corrected so simply, as patch will only arbi-
trarily replace zero values, rather than user-assigned values of a map. In Pinion
Canyon, a binary mask of areas with unrealistic values was created using "res-
cale," which was then used to reassign bad values to zero for repair by patching.

"Gmfilter" was used to create custom filtes that reduced the patchiness of the
DEM data Aspect is a very unforgiving display of artifacts in DEMs and was
us4ed to evaluate the results of several "Gmfilter" windows.
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Various versions of the artifacts in the Pinion Canyon DEMs are shown in
detail, with discussions of a number of options for their repair. More, sophisti-
cated filtering and neighborhood analyses would help GRASS to better perform
quality control functions. Despite being incomplete, current GRASS capabili-
ties help the user to document/improve a database.

Digital elevation models are funda- data represented to have a 30-meter grid
mental to many Geographic Information spacing! Such data could be a real night-
System (GIS) projects. Data sets such as mare for GIS processing of a highway
slope, aspect, shaded relief, and watershed design. (Incidentally, there .oes not appear
models derived from DE1s are also impor- to be a way of repairing such data. They
tant to many projects. are best thrown out [or perhaps resampled

However, none of the digital elevation to more appropriate 100-rn spacings]).

models available from the U. S. Geotogi- 3. Often considered the "premium"
cel Survey (USGS), the National Oce- DEMs in the 7 1/2 minute USGS series,
anmc and Atnospheric Administration data from the Gestalt Photomapper are pro-
(NOAA), or the Defense Mapping Agency duced in 500 meter square "patches" from
,DMA) were designed with your GIS appli- aerial photographic stereo pairs. These
cation in mind. Indeed, the skeptic would patches are then mosaiced with inadequate
sa-;. that each data set is characterized by horizontal- vertical control to produce the
artifacts, with actual information being models. The resultant data are often inap-
somewhat secondary. For example: 1.) propriate for contouring, let alone deriving
Early digital elevation models (DEMs) were such data as slope and aspect.
created to help produce molds for the plas- 4. Global data sets produced by
tic relief maps sold by the DMA in the NOAA's National Geophysical Data
1960s. It is not surprising that, when some- Center are combinations of regional or
one tried to use them analytically, disc.ipline-specific data sets produced by
a/he found some undesirable charac- other laboratories, often for disparate
teristics, such as concentrations of digital interests. Land values may be digitized
values around the contours on the paper from maps (or estimated where the maps
maps. Compute slopes from such data have no values) by a meteorological
and you get near-zero values almost every- laboratory. Bathymetric models created
where but for areas mid-way between con- by another lab by digitally interpolating
tours on the paper maps, where the actual bathymetric soundings combined
"roundoff' from one contour value to the with modelled values based on concepts of
next occurs in the digital data. Not the the shape of the ocean floor. Grid sizes
best way to model floodplains around your may be different; values on one grid may
prospective dam site. be based on grid centers, others on

2.) Some DEMs are produced by digi- grid nodes. Combinations of these data
tizing with one line spacing, then resam- sets may be valuable interim data sets for
piing to a closer or a coarser spacing. With global modeling. But care should be taken
one type of DEM, values are digitized in making these models.
along lines separated by 90 meters, then 5. Attempts to make DEM data
resanpled to 30-meter grid spacings. One appropriate for mossicing quadrangles
can see the cost justification, but what phy- into larger study areas have not been com-
sical justification allows this? These are pletely successful. Bathymetric models
not geophysical potential field data, where may use different rpresentations of
the value at any point is a simple function coastlines from models of land elevations. 3
of the values at all other points in space. arc-second DEMs sometimes have
One could virtually digitize the terrain significant vertical discontinuities at
around Devil's Tower (National Monument, section-lines, while mosaics of 7 1/2 minute
Wyoming), yet miss the tower itself in DEMs (which have no overlap [sometimes
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at the expense of having data gaps] at spot major data discontinuities at sutures
qIt:ilmaigle vdgvs) call have line or between quadrangles. Very high slopes
colunin dn)tpolu, or even slive,: of along quadrangle boundaries appear for
extremely high values at sutures between either data drop-outs or slivers of errone-
quadrangles. ously high values. "Random" color density

B~efore I sound overly critical, let me slice displays of elevation data should look

say that current efforts to produce digital a bit like psychedelically colored topographic

data sets are truly pioneering. These contour maps. Each color slice should follow

pioneers ae forging up the digital Mis- the terrain in a physiographically realistic

souri river in their digital canoes, never pattern If there are rectangular

imnaining what kinds of Kansas Cities WC grid-like deviations, if them am linear

will be creating from their efforts. discontinuities in the patterns, you probably

Nevertheless, while we continue to try to have bad data Produce an aspect image.

create our Ktsas Cities from such pi-. iieer Artifacts should be accentlated in such a

ing efforts, we should try to avoid building display.

r:tds that slide into canyons, bridges or The rupai:- of the DENIs can be
dams that collapse or flood unexpected divided into in two forms:
areas, or dump radioactive wastk umexoec

edly) upstaiain from a major aquifer. 1. -epair of suiture lines of mos-uSc, -ad
hispection 011(t partial repair of" data provided
LO is y U) oit: . may help us to avoid such 2. : much a 1cssible, removing the
c"iHivi.ues a*rifacts ie.ultiig frn the specific data pro-

dlucton methadr in each quadrangle, tiat
reduce t- usefulness of the data for

IMPROVING THE QUALITY OF DIGI- further processing for ones application.
TAL ELEVATION MODELS USING GIS Few Geographic Information Sys-

The convteient display capabilities of' a temns hv, tho complete functionality
GIS or image processing system allows the to handle error s in the dat;a. GRASS is
analyst to insoect data in a vaiety of ways. not yet mature enough to completely
Gre-shade images, color displays using handle the errors that can be repaired by
continuous rainbow colors, color densiLy the uwer. (Remember, it is almost always
slices using "random" colors for many small better to have had the data brought to as
ranges of the data, shad(,d-relief images high a tandard by the producers of such
fGRASS aspect images are often easy-to- data - and your encouragement of such
compute approxinmtions of shaded-relief), efforts by data producers may be in
slope images, combinations with other mankind's interest as well as your own.)
data, etc., all have unique capabilities to But GRASS, as well as many other
enhance certain artifacts in a data set. GISs and image processing systems, has

For example, your data may have been patching capabilities to partially repair bad
inappropriawly supplied to you as eight-bit data values, mosaicing capabilities to remo-
(0-255) or integer values, when they should sale quadrangles, filtering capabilities to
have been supplied as decimal fractions or subdue the effects of Gestalt Pho-
renal values. Try to compute slope from tomapper patches, and so forth. These
gravity d,a provided as integers, and see functions can serve to help us improve
the "flat" areas inte-rspersed by "cliffs" the quality of DEN~s and other data Ulti-
where digital roundoff occurs in the mately, expert systems will be developed
input data. This is an inappronriate that will directly query specific types of data
representation of the data. You may be able (rather than a human interface between the
to make limited use of such data, but expert system and the data that both
they may be inappropriate for your main reside on the same computer a is
a)plication, currently often the case). Pattern recogni-

In our sp'cific cask', production of tion (machine vision) techniques will
slopi malps ,iickly helps the analyst to detect and automatically document and

alleviate the most common types of data
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errors. actual locations of benchmarks during
this accuracy assessment, and the sharp vari-
ations in elevation at the edges of the

USING ONE EXAMPLE TO ILLUS- patches are essentially overlooked by the
TRATE THE STYLE OF REPAIR producers of the data.
TECHNIQUES FOR ONE TYPE OF In addition, it is a policy of the pro-
DIGITAL ELEVATION MODEL ducers of these data to avoid overlaps in

The Pinion Canyon area between data coverage at the edges of quadrangles.
Trinidad and La Junta in southeastern Due to the nature of the Universal
Colorado is used as an example of the Transverse Mercator projection's fitting of a
procedures that can be used in GRASS to flat surface to the Earth's curviture and the
improve the usefulness of one type of nature of production of the DEM data, this
DEM for further GIS processing. Pinion policy results in slivers of data drop-out
Canyon is recently acquired Army land, along sutures when these quadrangles are
part of Fort Carson. Prior to acquisition, it mosaiced. These data dropouts can have
was ranchland. A Grass GIS data base is zero value, very high values (much higher
b.ing constructed to help manage the than any physical elevation in the area), or
environmental resources of the land. The something in- between.
author is investigating the use of GRASS to The patches on the Pinion Canyon
produce hydrologic models in the area data are very disturbing, not unusual for
fhe work is being done on the MassComp such D&-Ns. Such artifacts are clear evi-
5.300 - based GRASS system at the Geo- dence that the data are not produced for
graphic Information Systems Division of rigorous analysis, such as pattern recogni-
the National Park Service's offices in Lake- tion or the computation of slope or topo-
wood, Colorado. graphic aspect. In some cases, even casual

Digital Elevation Models are a funda- inspection of the raw elevations is disturb-
mental part of this GRASS data base. As ing, let alone rigorous modeling of
is typical of a GIS exercise, the data were derived data sets (such as slope) in a
not originally produced with GIS applica- GIS. The latter may produce an outright
tions (let alone the specific applications fallacious result without extreme caution in
needed by the Army Corps of Engineers the GIS processing.
Construction Engineering Research Labora- Many scientists are reluctant to
tory or Fort Carson management). The "tamper" with the DEMs, preferring to
data should be inspected for characteristics accept the artifacts as given. But the data
that might affect GIS processing. It is also were originally produced with a somewhat
worth alleviating whatever negative artifacts arbitrary procedure. When one realizes
the data may have for a particular applica- that the data are digitized on one unevenly
tion. This step in data base development is spaced grid, then resampled to another
often omitted, to the detriment of the grid (without any physical justification-
users' objectives, we are not dealing with potential fields

The digital elevation models of Pinion here!), and that neighboring (rather than
Canyon obtained from the U. S Geological nonexisting overlapping) values are statisti-
Survey were produced on the Gestalt Pho- cally compared to check on the vertical pre-
tomapper. This device works directly with cision of the data, we see that the pro-
aerial photographic stereo pairs to produce ducers of the data are using physically
models within individual "patches" (almost misleading (though statistically "valid?")
square rectangular areas). Several of these methods to claim their 7-meter accuracy.
patches are then mosaiced without accurate We should understand our own objectives
vertical control to produce the DEM for in using these data, and the conflict
a particular 7 1/2 minute quadrangle. between the original production methods
The 7-meter accuracy described for such and our objectives. With this in mind, we
DEMs is calculated by comparing values should feel no reluctance about reworking
at section lines where adjacent quadrangles the data to make them more appropriate
have DEMs. There is no comparison with for our specific needs.
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hi the Pinion Canyon area, the sharp 0 10 000 0 0100 00000
changes in elevation at the edges of the 010 111 00100 00000
Gestalt Photomapper patches result in inac- 010 000 00100 11111
curately high values of slope, and inaccurate 0 0 1 00 0 0 0 0 0
changes in value of aspect. The patching is 0 0 1 00 0 0 0 0 0
poorly controlled. The 3x3 filter needed to be run far

In a hydrologic model we are less more times than the 5x5 filter to produce
concerned with the overall v-rltcal preci- acceptable smoothing. It was also found
sion than with the relative distribution that the data were sufficiently symmetrical

of elevation. Applying spatial filtering tech- in the horizontal and vertical directions
niques may alter the absolute values of to permit the horizontal filters to be
elevation, while locally improving the combined:
relative values. 0 10 00 100

Initial evaluations of the use of spatial 11 1 00 L 0 0
filters to improve the DEMs consisted of 0 10 1 1 1 1 1
repeated applications of the GRA8S func- 0 0 1 0 0
tion "neighbors" to the display version of 0 0 1 0 0
the DEM (ELEV.DEM). 3x3 mean filter-ing as ppled epetedl. Oe culd theApplying such filters greatly improved
ing applied repeatedly. One could the visual the elevation data However,
apply the random color lookup table to tie thei, Has still an unrealistically grid-like
raw elevation data and have some trouble pattern in the slope and aspect data
recognizing intuitively logical landforrms in derived (using Gslopenaspec e from such
the dat. Repeated application of the filtered elevation data Thus hybrid filters
mean 3x3 mean filter , (-d to increasingly
physiographically realisticwere produced that allowed diagonally

ric ni ot positioned elevations to influence the result:
are a

With the positive result of this initial 0 0 1 0 0

test, the function "Grnfilter" was used 0 1 2 1 0

to filter the actual DEM values 12221

(ELEV.DEM.TRITE). "Ginfilter" has the 01210

disadvantage of loading the entire map 00100

into memory. Not only this, but if one Notice that the filters now include
ruris the function in "parallel" mode (to weighting favoring closer values over
avoid corrupting the input data by previous more distant values. This should be phy-
processing) one needs to have both input sically valid, though it probably is not par-
and output data in memory. With the 4 ticularly more valid than equal weighting
megabytes in the National Park Service's of the data as actually produced by USGS.
MASSCOMP 5600, only about 1/4 of the Such filtering reduced the grid-like
Pinion Canyon mapset can be processed at appearance of the slope and aspect data cal-
once, thus requiring subscening before pro- culated from such filtered DEMs. It was
cpssing, with subsequent mosaicking to decided, however, to experiment with
recreate the entire mapset. increased filter size to 7x7, as well as with

Experimentation with various filter increased weighting along diagonals:
sizes included 3x3, 5x5, and 7x7 filters with 1 1 1 1 1 1 1
different combinations of weights. 1 1 121 1 1

First, 1x3 and 1x5 vertical and horizontal 1 1232 1 1

filters were applied to the dat, to see if 1233321
1123211symmetrical X Y filtering was appropri- 1 1 121 1 1

ate, or if different sizes and/or weights were
"Pedled in the horizontal arid vertical direc-
tions. Gmfilter was run with filter weights This filter kernel is now being used
such as the following: to process the data (ELEV.DEM.TRUE)

for northwestern, northeastern.
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southeastern, and southwestern quadrants
of the Pinion Canyon mapeet Current
assessment of the data is that funning this
filter in parallel through the data fewer
than four times leaves too much patchwork
gridding in the data, and that mor than
four applications of the filter smoothes out
too much detail. Four applications leave a
combination of these problems: some-
what too much patchwork gridding in
some areas, somewhat more smoothing than
desired in other areas. But this comprom-
ise appears to be the best for the Pinion
Canyon data

THIS PAPER IS DISTRIBUTED ON
A USER-BEWARE BASIS. IT FAILS TO
COMPLIETELY DISCUSS FILTERING
AND PATCHING OF BAD MOSAIC
SICTURES.



- 31 -

DATA C ONCER NS



- 32-

Vematility of GRASS Data Laye

Robert C. Lozar

Construction Engineering Research Laboratory
P.O. Box 4005, Champaign, Il 61824

ABS7RACT

The Geographical Resource Analysis Support System (GRASS) has been
implemented at several installations across the U.S. Each implementation
requires the development of a set of supporting data layers. Over the last
several years, CERL has supported its implementation by the development of
these layers. This is a retrospective of the work done for several installations.
The paper reviews which layers were generated, how they were used, how often
they were used and for what purposes. Based on which data set configurations
have in the past proven to be the most versatile the paper identifies which
layers are likely to provide the greatest return on the development moneys
invested and how to make these decisions

One of the major components of the corollary questions need also to be asked. If
establishment in a Geographical Resource you have identified a set of layers to be
Analysis Support System (GRASS) Geo- developed for a particular purpose, are there
graphical Information System (GIS), which other applications to which this set can be
data to generate to support the usage of the put so the data layer development process
system is an important decision. Maps will provide enhanced value to the final pro-
(called data layers) which are stored in the duct? And if a layer is developed, can the
system are often expensive to translate from categories easily be translated to another
paper (or digital) form into the format used layer (e.g. using the GRASS tool called
by GRASS. In an environment where budg- RECLASS) such that you have developed
ets are limited, it is necessary to set priori- two or more layers for the cost of one? A
ties on which data layers can be generated. notable example of this would be generating
The layers which must receive the highest a map of soil "Ph" from the published Soil
priority will depend on the applications to Conservation Survey County Soils Survey
which the GRASS system is intended to be report. Choosing the initial data layer
put. Since applications vary depending on configuration carefully with these considera-
location and agency, so must the desired tions in mind can considerably enhance the
map layers. value and versatility of your GRASS data

CERL has now had considerable base.
experience in developing a set of initial data There ae several ways of determining
layers at several locations. Also CERL has a configuration of complementary data
been involved in carrying out a variety of laynrs. Often this has been based on previ-
applications using these layers. This paper ous experience with data versatility and pro-
will review some of the experiences which fessional judgement. Topographic elevation
have been gained and make a set of recom- might be translated into GRASS format, not
mendations based on those experiences. because it is important (elevation often is

Beside simply deciding on a group of however) but because elevation information
layers to support a single application, several can, with relative ease, be trmslated into
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other layers which have great versatility, topographic elevation, is useful (as men-
Elevation data is regularly translated into a tioned before) because from it, it is easy to
layer showing the degrve of slope. This may generate slope and aspect data as well.
be used for modeling erosion potentials. The usefulness of this chart comes
Elevation may also be translated into a layer from realizing that if your data layers
showing the aspect (direction in which the include slope, soils, landcover and roads
sloping land faces). This may be used in developed initially to support the application
modeling archeological site occurrence of erosion control, you have the set of
potential. These types of considerations are information required to begin to deal with
important in setting priorities for data layer questions about forestry applications
development. At the bottom of this matrix are two

Table I is an initial response to the rows which characterize 1. the difficulty of
question, "If one were to develop a general generating the data layer in question and 2.
list of applications versus data layers, what the cost associated with generating the data
wum'ld such a list look like?" Table I shows layer. This information is quite general and
such an arrangement of potential applica- can, in practice, vary greatly. However, if it
tions arranged down the left column and is important for you to do not only your ori-
data layers arranged across the top. Is it ea- ginal erosion applications, but also forestry,
sonable that a data layer will be useful in by looking at those last two rows, you can
carrying out one of the applications? (The obtain a general feeling for the amount of
applications listed relate to CERL's experi- effon it will require to be able to support
ences in developing layers for military pur- that atditional analysis application. (In this
poses). At each intersection two responses case, to do forestry will require the acquisi-
are rioted: 1. This data layer is normally , tion of a forestry compartment data layer
required input to carry out the application and that will be moderately costly and
under consideration or 2. This data layer moderately difficult to accomplish.)
would be helpful in carrying out the applica- Often a data layer is not necessarily
tion under consideration but the modeling required as an input into an application, but
can be carried out without its presence. it is easy and inexpensive to generate. Thus,
From a matrix like this, we can derive an often that layer is created to be used for
understanding of which data layers poten- often at orintated ose Oe maytially have the highest versatility in support- display and orientation purposes. One may

ag different applications, call the installation boundary layer such a
ingdifferent aleitcisratimap. It may be argued that display and

From Table 1, it. is clear that a Lew orientation are required for most applica-
layers stand out for their versatility in tions. Thus, a distinction must be made
different applications. Satellite or digitally between when layers are used for an applica-
stored remote sensed images (e.g. National tion and when they are used for display.
High Altitude Photography- NHAP) have a To define what an application is in a
high degree of versatility largely because the To efin , wht a the istinc-
color or spectral data they contain can be GRASS evaluation, let us make the distinc-
reinterpreted to indicate land cover or land tion upon reflecting over what makes a GISuse ype i~e Thy my beuse to eneate valuable. The value of a GIS is to generate
a tywpe of vegtation map, or they may be new types of information (i.e. an analysis
used to imply cultural features such as map) from existing information (e.g. from
urbnized areas.) Remotely sensed images the combination of the soils, slope, andalso provide a historical document of the vegetative cover maps). This result existedcaes whoicha hista ocue nt an are nowhere else previously. It is new informa-ch arg s w hich have occurred in an area. t o . A d l a a u a o sb y b
Another example are soils data. Soils data tion. A dollar value can possibly be
are versatile because their supporting reports assigned to such an analysis by assigningusually correlate the distribution of the soil values relating to the considerations of cost
with a wealth of information about the avoidance, increased maintenance manage-witha walt of nfomaton aoutthe ment effectiveness or to savings realized by
characteristics that the soil type imply (e.g. mont teness in s ralied by
its engineering properties, its fertility, the doing the analysis in-house rather than
natural history of its formation). Another, through a commercial contrat with its
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added overhead costs. In contrast, though base and these applications have already
it is important, a layer which orients the been carried out. Thus, Table 1 is a gen-
viewer does not generate new information -eralized idea of what can be done. Table 4
not availshlP previously. Also the assign- shows what h--az- =.ally occurmd.
ment of cost values from display or orienta- The intersections in Table 4 show the
tion is not straight forward. In addition, by initials of the installations. They indicate
adopting the strict definition (generating which data layers were used for which appli-
new information) some distinction between cations. Multiple labels in a single intersec-
the characteristics of a GIS versus a CADD tion indicate that usage occurred more than
(Computer Aided Design and Drafting) sys- once, either at the same installation or at
tern can be made. The primary purpose of a different locations.
CADD is to display infornation visually. The bottom row of Table 4, the Fre-
The primary purpose of a GIS is to generate 'Pe ottym row of a tmhe sFe-
new information, which coincidentiay is of data type usage, is a simple sum-

also highly visual in nature. (Clearly this is matrion of the data layer occurrence in that
~column, This information can be ordered

a superficial distinction. Also, both clearly cio canre orerd
overlap each other's capabilities even as per Table 5 to show th

typet. v,- rsatility" (or value). Table 5 indicates
defined here. But this distinction has a con-
ceptual basis in fact which relates to odher that tiere are some very highly used data

a,:stions e.g. most GISs have topo)logically types (e.g. soils data, slope, imagery) and
others thpi seem to be less versatile. (Note

frrnced, data structures hile a ('ADD that 'ist because they are less versatile, does
ri.:. o rmry not., not mean that they are not important: a

Thus defined here, an applicaiton is an wildlife application might not be reasonable
evaluation for a specific purpose whic, without habitats identified.)
creates new information and for which some There ar several different ways of
cost Pffects can be identified. looking at this data and interpreting its

CERL surveyed many projects done meaning. For example, when a person gen-
over the last several years. Our most corn- erates a road map and a boundary map, he is
pletely developed data bases and our broad- really interested in having land use informa-
est applications experiences have occurred at tion. Thus the fact that the boundary map
six Army installations and one civil works had low usage may be misleading. To deal
study area. They are: Forts Hood, TX, with this question, five general (not neces-
Drum, NY, Carson, CO, Riley, KS, Pinon sarily mutually exclusive) groupings were
Canyon Training Area, CO, Hohenfelds developed. iand usage, environmental,
Training Area, (Federal Republic of West natural configuration, topography, and data
Germany) and Kiethsburg Study Area, IL. management The data types were congre-
These are the locations examined in this gated into these groupings in two ways: 1.
paper. under a loose definition of what should be

For each location, a survey was done included in that grouping, and 2. under a
of how each existing data layer in that strict definition of group membership. (i.e.
installation's current data base was used. The loose definition is inclusive, the strict is
Tabie 2 is an example of the information exclusive.) The result is presented in Table
collected for Pinon CanYon. This informa- 6. The summation of the frequencies of
ion was then congregated into application each grouping for either the loose or strict

types (Table 3) so that the applicaions can definition suggests that each group has about
be compared between different installations, the same degree of usefulness (i.e. that the

From this, data layer types can be summation numbers are roughly about the

compared across installations as presented in same for each). The conclusion from this is

Table 4, which is similar in layout to Table I that a versatile GIS data base needs to
(with applications versus data types). The include a variety of data layer types.
difference is that these data types (data
layers which have been grouped into data
types) already exist as part of some data



- 35-

Condusions and Razuxnndations

The value of a GIS is to generate new
types of information (i.e. an analysis map)
from the existing information (e.g. an ero-
sion potential map from the combination of
soils, slope, and vegetative cover maps).
Such a result existed nowhere else previ-
ously.

Though the display of information is
valuable in itself, a sharp distinction was
made in this paper between using data layers
to display information and using data layers
to support an application which generates
new information.

Correctly choosing and implementing
the data layers will provide greater versatility
to pursue GRAS applications. Types of
data which have been used at CERL for
generation of new data outputs fall into five
major groupings (Table 6) each of about
equal potential -,-,lue depending on your
location's particular needs. These groups
consist of various data types which appear
again and again in different applications at
many locations. The actual data layer
developed depends on the location and the
intended applicaticns to which the system
will be put. Data layers which are imple-
mented can have other potential usages
(Table 1). These other uses will enhance
your data base if carefully developed and
-allow it to have greater usefulness than ori-
ginally might have been thought possible.

Finally, variations in the data layers
adopted will clearly depend on data availabil-
ity. Though a data layer may be highly use-
ful, if it is not available, alternative
configurations will have to be identified. If
this is the case, some of the tables presented
can be useful to determine how closely
rlated specific data layers are and how alter-
natives not previously contemplated might
yield greater versatility in the data base's
ultimate usage.

Refrence

Data Availability to Support a Standardized
Military Geographical Information sys-
tem Database, R. Lozar, D Smead,
CERL Technical Report N-147, March
198,3.



-36-

c

Q It

seujproja le~iljO I x LUi

SOSL'allno x xIxL

(fl sx~J~fe LU .

wJS',UGeLJpcj;wo.)Zfuluieu

-JF - . - - - - --H 
x

x x

cc uluO)*Se )( x
U)

o. >
-(- '. r,-S) ano x x x

_ _ _ _ _ _ _ _ -06 10 E O x x x

oMOu Jaeto:)pue1
U~ x8~~~P8~O -- ~L

Sweeils x al--

Cu: p'uQSlics _

o Eodoig odoi X x xxx

joedsV odoj. x .

U01jeAO3 odoj. x x >c x , x ae

w
SU]BAV1 31VG -

cv _ _ _ _

<WLLULO - cv c so>



-37-

Table 2

Example Page of Survey Showing
Data Layer Relation to Applications

PINON CANYON

CELL NAME TITLE APPLICATION SOURCE

albedol Ground Ref.(LS 10/80) change detection LANDSAT

albedo2 Ground Ref.(LS 6/82) change detection LANDSAT

aspect Aspect background topographic map

big-arroyo.cl Class. NHAP CERL testing NItAP
Big Arroyo Hills

big-arroyo.enh Enh. NHAP CERL testing NHAP
I Big Arroyo Hills

boundary Install. Boundary LC'?A original data

elevation Elev.-rescaled background DEM/DMA
hogback.cl i Class. NHAP(8/ 83) compar. class. NHAP

Hogback
hogback.enh Enh. NHAP(8/83) compar. class. NHAP

Hogback
landsai.class LndcovClass. 1i, 53 background LANDSAT

lockwood.cl Class. NHAP 7/83 compar. class. NHAP
Lockwood Arroyo

lockwood.enh Enh. NHAP 7/83 compar. class. NHAP

Lockwood Arroyo
quads USGS quads background original data

ranches Ranch Houses training avoidance original data
rangeland Range/Wdld Sites potential soils.SCS

Las Animas Cty. vegetation

restrict-areas RestrictedAreas land mgt. training/arch.
ecol. study
ranch houses

roads Roads,Trails,Supply Rts. background original data
rockcross.cl Class. NHAP 10/83 compar. class. NHAP

Rock Crossing
rockcross.enh Enh. NHAP 10/83 compar. class. NHAP

Rock Crossing
slope Slope % derived background topo map

true elev.
soils.pinon Pinon Canyon background soils.SCS

soils-trinad

soils.scs.all Soils(Las Animas) LCTA/ original data
background

train.ability Trnblty.-soils trainability soils
train-areas Training Areas background original data

vegetation derived-NHAP background original data
windmills Windmills background original data
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Table 5

Data Type Versatility

Order of Data Value

10 Soils (and Reclass)
8 Slope
7 Archeology Data
7 Imagery
7 Roads
7 Ecological Sites Data
(3 Hydrography Related and Streams
5 Distance From's
5 Installation Land Use
4 Training Compartments
3 Installations Boundtrries
3 Topography
2 Aspect
2 Noise
2 Geology
2 Sites Data
2 Non Satellite Vegetation
1 General Cultural
1 Windows
1 Off Installation Cultural Features
1 Dredge
1 Landforms
I Habitats
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Table 6

Data Versatility Viewed in
Different Groupings

GROUP DATA LAYERS LOOSE STRICT

Land Use Boundary 3 3
Off Installation Cultural 1 1
Imagery 7 7
Installation Land Use 5 5
Roads 7 0
Training Compartments 4 4
Sites Data 2 0
Windows 1 0
GROUP TOTAL 30 20

Environmental Noise ; 2
Distance From 5 0
Imagery 7 7
Aspect 2 0
Ecological Sites Data 7 7
Vegetation (Non Satellite) 2 2
Habitates 1 1

GROUP TOTAL 26 19

Natural Configuration Imagery 7 0
Soils 10 10
Hydrography 6 6
Slope 8 0
Aspect 2 0
Geology 2 0
Landforms 1 1
GROUP TOTAL 36 19

Topography Soils 10 0
Topo 3 3
Slope 8 8
Aspect 2 2
Geology 2 0
Landforms 1 1
GROUP TOTAL 26 14

Management Data Archeology 7 7
Training Compartments 4 4
Sites-Ecological 7 7

Sites 2 2
Habitats 1 1
GROUP TOTAL 21 21
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The Development of the Henrietta Creek Watehed Data Set
for use by USDA Soil Cmservation Serice in GRASS Training.

Richard Franchk

U.S. Department of Agriculture
Soil Conser-vation Service
501 Felix Street, Bldg 23

P.O. Box 6567
Fort Wotth, Texas 76115

AB TRACT

In the Food Security Act of 1985, the Soil Conservation Service was given
the task of identifying all highly erodible soils that were in cropland. Framers
and ranchers that fell into these categories are required to have a conservation
pian if they wished to participate in any federal farm programs. In October
1987, the SCS started the GRASS Pilot Project with seven States (VT, NY,
WA, CO. OK, MO, MT) W identify its use as a GIS tool for helping SCS, State,
Area and Field Office pernsnel withl tWIr resource. planning requirements. As
part of this testing he SCS National Caogaphic Center, GIS Staff, developed
a demonstration data set for use in GRASS training and as a guide in develop-
ing similar data sets for their particular area. This data set was designed with
the Field Offices in mind. Data layers were collected to show the uses and
potential for GRASS as Field Offic- rc-.soue tool for identifying Highly Erodi-
ble Lands (HFIJ, conservation planning, watershed planning, and information
programs.

Since the dust bowl days of the 1930's, with the participating farmer. In some field
the U.S. Department of Agriculture Soil offices, these determinations exceed 1000 a
Conservation Service (SCS) has worked with year. Many are done by hand using existing
farmers and ranchers in developing and soil maps and areial photography. The plan-
applying conservation practices to prevent ning process can take several hours. This
excessive soil erosion. SCS field offices situation made it necessary for some type of
have primary responsibility in working with GIS technology that would make the field
the local soil and water conservation district office planning process more efficient.
to implement these practices. In the spring of 1986, the USDA Soil

With the Food Security Act of 1985 Conservation Service prepared a pilot test
FSA the demand for SS ser-vices has plan for evaluating the Geographic

juniped dramatically. The act states gvn- Resources Analysis Support System
erally that to remain eligible for USDA pro- (GRASS) software. In the fall of 1986, the
gram benefits, a farmer must follow a con- National Cartographic Center (NC) was
svervation plan on all highly erodible crop- designated as the GRASS user support
land areas and not drain or convert any wet- center for the seven pilot test sites. These
lands (U.S Department of Agricultur,, test sites were located in Oklahoma,
1988). This requires SCS field offices to Colorado, Michigan, New York, Washing-
determine highly erodible areas and to ton, Missouri, and Vermont. Pilot testing
develop the necessary conservation plans officially started in October of 1987 with a



- 43-

one week tuiing cotir-v at the NCC in Fot When these layurs were moved into
Worth, Texas. Fifteen people representing GRASS, several interpretations were made
the seven test sites attended the training, from the soils layer that included HEL
Te pilot test ended in May of 1988 and final classifications and many different kinds of
meeting of the test sites was held in June. soil characteristics (such as soil depth, suita-

The Henrietta Creek Watershed Data bility for building sites, range and pasture

Set was developed to support GRASS train- groups, etc.). With the original eight layers

ing as well as provide a resource base. SCS their were now 32 layers.

field office personnel could use this data as a When training began this data set
guide in developing data layers for their par- duplicated real life solutions to problems
ticular area. The watershed covers approxi- encountered by people in the field. With
mately 17,014 acre in Tarrant Count', the use of masking, windowing, and report-
Texas. ing, HEL determinations were generated

Six polygon layers and two network using the field boundary layer and the

layers were developed. The polygon layers reclassed soils layer. Other types of plan-

included soils. landuse, district cooperator ning were also duplicated to show the parti-

boundaries, field boundaries, transport -aion cipants that GRASS was capable of helping

ad watershed area. The network layers them with their soil landuse related prob-

were t.--ains an mads. These layers wlee lems.

digitized on ARC, INF( because the MAP- Other types of data are scheduled to be
DE portion of GRASS was not yet ported included to this data set. Imagery is the
t ,CS :&T' 3B32 equipment. next layer for inclusion. This would greatly

In tl,e development of this data set benefit the user in land cover determina-

thee .was not one single bas, that wa-s avail- tions and for a photo background to conser-

able that would fit all the different source vation planning. also a link to a soil data

materials. The soils layer was on a rectified base is needed to make the interpretations

photo background (1:20000), the landuse (reclass) of the soils layer more efficient for

came form color iR high altitude photo- field office personnel. Finally the data set is

graphs (1.24000), and the rest of the layers to be enlarged to include the portion of the

from U7S'GS 7.5 quad sheets ( 1:240001. This watershed that extends into Denton County,
conditon would be typically encountered by Texas to the north. With this data set the

field office personnel when developing their NCC will be able to introduce GRASS tech-

own data layers for GRASS. nology to the people who will need it the

The problem was to have all the data most.

layers overlay with each other and still not REFERENCES

have to recompile everything to one base. U.S. Department of Agriculture. 1988.
The common theme to many of these data National Food Security Act Manual.
layers was the transportation network. Soil Conservation Service. Washing-
Many of the other layers (district cooperator ton, D.C.
boundaries, field boundaries, landuse and
mads' wodd have this layer in common
when being developed. For example, a par-
ticular field boundary would end at the tran-
sportation corridor, along with a type of lan-
duse. The trnsportation corridor would also
be a category in the landuse layer. There-
Fore the transportation network was made a
polygon layer and used as a guide for the
rest of the inters cting or corresponding
layers. As the layers were digitized, all areas
that intersected at the road would use the
already digitized transportation layer as the
stopping point.
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Integrakin of SPOT Data Into GeogratMc Infornmton System

M. G. Mayers

SPOT Image Corporation
1897 Preston White Drive

Reston, Virginia 22091-4368

ABSTRACT

Low cost and current input data are essential if users of geographic infor-
mation systems (GIS) intend to support accurate and efficient problem solving.
High resolution, current SPOT satdlite imagery is provided in standard formats
to meet such requirements. SPOT data contains information pertaining to land
use/land cover, transportation netvrks. coastal boundries, urban growth, geol-
ogy and many other geographic applications. SPOT imagery may be used
directly in its raster form for input to a GIS, for example as input to a
classification algorithm. SPOT may also be used as a backdrop from which vec-
tor- are digitized, such as updating vector transportation network within a GIS
environment. The GRASS software package enables a GIS user to effectively
exploit SPOT data ui both raster and vector formats. The vector and raster
capabilities within GRASS enable GIS users to obtain current, powerful solu-
tions to Earth resource problems.

SPOT is an acronym which stands for 0.51 um to 0.73 um (Visible
Satellite Pour l'Observation de la Term. Wavelength)
SPOT is high resolution, land-imaging satel-
lite system designed for Farth resource 2. Multispectral Imagery 20 meter resolu-
applications. The S program was ini- tion Three Bands Spectral Sensitivity
tiated in 1977 by the French Government in (Visible Wavelengths)
cooperation with Belgium and Sweden, and
is managed by the French Space Agency
(CNES). SPOT 1 was launched on February Band 1 0.50 urn to 0.59 urn
21, 1986. The spacecraft is operated by Band 2 0.61 urn to 0.68 urn
CNES which owns the data copyright. The (Near Infrared Wavelength)
SPOT data distribution is carried out on a Band 3 0.79 urn to 0.89 urm
commercial basis in the United States by the
SPOT Image Corporation located in Reston, What are digital SPOT Data? Digital
Virginia. SPOT imagery is stored in raster format.

SPOT satellite data are available in This means a single SPOT image is stored in
three formats; digital, film, and print. A many small, rectangular, "picture elements"
single SPOT scene covers 60 km X 60 km called pixels. Each SPOT pixel represents a
swaths on the Earth's surface. The SPOT reflectance value ranging from 0 (low
satellite has two High Resolution Visible reflectance) to 255 (high reflectance).
(HRV) imaging instruments onboard which When all the pixels are viewed at the same
provide imagery in two different modes; time, they represent a full SPOT image.

1. Panchromatic Imagery 10 meter reso- Vector format models store data in X,
lution 4ngle Band Spectral Sensitivity Y coordinates or point, line, and polygon



stru-ctures etrdt odl tr mn Adavauages of using G RASS to

the first efforts fur pmdu(linilg waomiated cur- Integrate SPO-T Imagery into a Geographic
togripliic prodhlcts, ;oas 1983, Puiequet. Infori-ation System. As mentioned above,
1984.l Today. m1anlY geographic inlformat"Uionl there are advantages and disadvantages to
sy ,stemis ilize vector fornnts foi- data storing and mnanipuilating data in raster and
sto)rage lonaiit etp~dfr~i vector formats. GRASS has both raster and

SOftware V tm tor- CartOgl-niC p) lUCtU vector capabilities which enable a user to
derived frm' satellitk imnagO r'y has 1become a create new vector files through co-display,
problem Wooter, 1986k This problem stemns create new raster files and update old one
formn the %vast armuhlit of' current satelIlite, files, such as USGS Digital Ine Graph
iflfornrabtf ila li t r format and I)DLG ;idta GRASS is being use~d by a
mnap pro~uitin 111 tt ULPLy~ Ice large nutmber of people- for a wide variety of

whic utliz :iaii '. c:; .cnua~ aplications. This means cooperative efforts

TIlu n>an aWV U il an "e:ji i ln research may' be coordinated and some

valltages as!ocatH1 witli A"t F~ind Ma11 li- dgital caafiles may be shared. Finally
puiulnCdatain astr ~ e~.~r f ma CRSS is wvailable to the general public at

I~olssa19~3, ~tmuet 9S4iu~ivc;er ~. almost no cost, which :s ideal for groups

raster to vc, -or nla.i (Cofvension l-ces tyl~ operatinig on a tight budget.

:v..." pin!J-1 aIssocciate-d . iti Current, low cost input data are essen-
I )OC5ilZOeLlau 2idic~dt\ L1 ui'f users of geographic information sys-

of tso~2*T nubun-swl ~ creaoitk"4 toms intend tn support accurate and efficient
vecL~,,r 0! , ots or p-iV 'e ris Kouul__Ssa ~ abe solving. SPOT satellite imagery is

FlZ~ T'li li- z40-nWX10 WouLld be te current, cost effective, information source
6ii'. wl Ai %torv a. r--vu i inta~ sr;oarattely for geographic information sytemns. Some

witiuia a4 ti~ iwa're paUcage. g This (1S applications best exploit data in either
v.)Ui'la~o thi, ni-c U inpuj~t, mont-IipUir Lk raster or vector formiat. The GRASS
output andl d-i di( itlata ill the nuos- software package, however, can Manipulate
efficu-nlt ~(it 1 ,.il.as -elis tnii Jta within and amnong these formnats to
co-di-zpl-i of, raz.Ir .,!,1 itor tfiles. These meet the goals of spatial applications.
flastWI andu _2tU: cupabilic.os are found in

WXhy itegmi Riaster zU'(T Satelilite- Kolassa, Davidt A. 1983. The Itvolution of
iriagif ry ito ai Guz-pi information Sys- Raster Processing Technology wAithin

tn i, ct -r ini justifications For Util- the Cartographic Environment. Auto-
izi;g SN)T acai~:a GI: lSP(1 7 stelieCarto 5 Proceedings, Jack Foreman,
'RREN-r. Dlata may be coi- Editor. Falls Church: ASP and ACSM,

~tekdsxu-altimes jer ionthi over the pp. 451-460.
samne area 1. ajti]1izing '-41'17, poimitable ouir- Lauer, Donald T. 1986. Applications of
mm-. 2'SP' 1 c-at. 1iiV imagery is DIGITAL. Landsat Data and the Data Base
Dic'iAl d,oi av timo arid money by elini Approach. Photograinmetric Engineer-
11Winatimi ;U stlaia ~esmg 3),SPOT ing and Remote Sen,.sing. Vol. 52, No.

MVIIIal'LRP).E!,iA single 8, pp. 1193-1199.
SPO T vt tit mm 'v be i-1for creating land PEuqilet, D~onna J. 1984. A Conceptual

Ut3on n111-s, roofip t-nrig ubngrwh 1-splan- Framevomk and Comparison of Spatial
t~onr~m~zz tooitoingurbn grwt~, pan-Data Models. Cartographica. Vol. 21,

rung gvoiogical t-xplonation, to name a fewA No. 4, pp. 66-113.
applications. 4tufJN)T imagery offers GOOD
CARTo(;iR.XPIIIC' ACCVRACY. SPOT
puanchronmatic dona may~ l v e used1 for mapping

at scales of 1-12.OOU and smaller. Finally,
5fiSP-(YI satf-llitAe imageryv is ECONO)MICAL.
S1J~cyl' iTumgt-,,; (a 011 n-t up to 50',( less then
u;Ienal pho togr-iJiuv o.r :t!rquisition . irnter-preta-
11011. 'Id rMp ~mermun
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The Design and Imnplenwntatim of an Expioratory Data
Analysis System (S- GEO) for Integrating with GRASS, Remote

Sensing and Database Managemet

Svwi~ C. Parker

Associate Profesor of Industrial Engineering
University of Arkansas
Fayettevifle. Arkansas

and
Associate Archeologist

Arkansas Archeological Survey
Fayetteville, Arkansas

.. 3,I7RA(2T

An exploratory data analysis syteni, calld S-GE, which integrates with
the GRASS system, has beer de.,gned and implemented. The system is based
on the S statistical language developed by Bell Laboratories. S is an interactive
environment for data aralysis and graphics, and it is it's readily usable graphic
capabilities that particularly distinguish it from other statistical systems.

Since GRASS is capable of incor)orating remote sensed data, this explcra-
tory data analysis module allows the analysis of such data along with that of a
typical geographic data layers, such as soils geology, and other such environ-
mental data. The S module is desmnrd to acess the data sets that are tran-
sported via the "GRASS to S module" in GRASS. These data sets are in a par-
ticular form and S-GEO is designed to recognize and use this unique data
representation for information representing the various data layer values for
point locations, such as archeological sites, and summary information for all
cells of the region of study. Data from GRASS may be transported for any
number of different sites lists, each identified by a unique prefix attached to the
corresponding data sets.

S-GEO includes various univariate, bivariate, and multivariate analyses
modules, all with appropriate graphic representation to aid in analysis, accessi-
ble through a menu presentation. Data for different sites list are accessed by
identifying the appropriate prefix for the desired data In addition to access to
the geographic data from GRASS, S-GEO also permits the incorporation of
other kinds of information regarding sites. This latter information is accessible
through a database management system. In this implementation INFORMIX is
used to provide the additional data study. The only requirement, however, is a
flat file of data with one record per point, so other database management sys-
tems could be used. S-GEO includes modules which retrieve and combine geo-
graphic data from GRASS wih the appropriate descriptive data from the
INFORMIX database. One such module utilizes a subset of information, there-
fore a subset of points or sites, from the descriptive lata set and retrieves the
appropriate geographic data for these points from the GRASS data structure.
These data are then maintained in one structure, the characteristics of which
are designed to be like that of data structure resulting from a GRASS to S tran-
sport. Therefore the S-GEO modules are moved from GRASS. Another S-
GEO module allows the u,,*r to identify any particular set of points or sites as a
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group to study as a unit. This module retrieves data from both the descriptive
data set and the GRASS data to produce a GRASS to S data structure which
may also access the S-GEO analysis module.

A geographic information system Hardware developments in the mid-
(GIS can be defined as an automated sys- 1980s and software written to utilize this
tem for the storage, retrieval and analysis of hardware, have allowed the emergence of
spatially referenced data. There are two cell-based GISs which address the earlier
basic kinds of GISc, a vector-based system problems. Modem cell-based systems can
and a cell-based system. In the former, use the many classification methods
areas are represented as vectors (spatial developed in remote sensing as well as a
coordinates locating lines) defining variety of map calculator operations. How-
polygons, and this type of GIS represented ever, there has been no cell-based GIS
the usual system of choice until recently. development to date which encompasses the
Pie reasons for the early preference of a full range of robust multivariate s"istical

vector-based system over a cell-based sys- techniques which are applicable to the mul-
tern include the fact that they allow the pro- tidimensional GIS data. This paper reports a
.hction of superior cartographic output and software development which is designed to
iey were easy to implement with the provide he full range of statistical tech-

hardware arid software available prior to the niques to a particular GIS, Geographic
mnid-1980s. A major shortcoming of Resources Analysis Support System
vector-based systems, however, is that they (GRASS 3.0).
do not allow for appreciable statistical char- GRASS is essentially a cell-based GIS
acterization or analysis of the geographic which is interactive and allows for the visual
data which they store. presentation of grid cell data layers in two

A cell-based GIS is one which dimensions, as well as 3-dimentional visual
effectively divides a spatial surface into a presentations. Vector and point data may
rectangular grid and stores, for each grid also be stored and displayed. Numerous
cell, the spatial coordinates which locate the map layer types may be represented for an
cell on the surface as well as any discrete or area of interest; some data layers represent
continuous data pertinent to describing or basic raw data collected from the surface,
characterizing the surface of the cell. These such as elevation data, while other data
data effectively provide an n-dimentional layers are derived from one or more other
matrix which can be used to produce high surface representations. Examples of
quality visual output, given high resolution derived data layers are slope and aspect,
visual display equipment, and can be used as both derived from the basic elevation data.
the basis for extensive statistical characteri- Additional map layers may be derived by
zation and analysis. classifying cells according to their distance to

During the 1970s and early 1980s, some aspect of the landscape 'such as
cell-based systems were constrained by fac- streams. An analyst may also reclassify a
tors such as inflexible cell sizes, large data data layer, such as soils for example, into a
storage requirements, and the high cost of new data layer which gives a different organ-
raster (cell) display devices. Though these ization of the basic information. One might
factors limited their application, cell-based derive a more general soils map which
systems were nonetheless considered t- groups similar soils into fewer classes, but
have greater analytical potential due to the classes which may have more interpretive
ease with wiich the data could be subjected meaning in the analysis than did the more
to numerical analyses. This potential was finely divided original soils map.
demonstrated by developments in the area In most GIS applications, there are
of remote sensing, including the application many data layers of interest, particularly
of classification methods to analyze remote given the ability to derive new layers of
sensed scenes. analytical interest. The resulting complexity
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and multidimensionality of G1S data sets can bivariate, and multivariate analyses macros,

make multivariate patterning difficult to all with appropriate graphic representation to
assess. Modern statistical developments in aid in analysis, accessible through a menu
exploratory data analysis (EDA) include presentation.
techniques which can be useful in analyzing In addition to access to the geographic
multivariate spatial data In fact, there is an data from GRASS, the FDA module also
EDA system which shares some of the permits the incorporation of other kinds of
characteristics of GRASS - its interactive information regarding sites. This latter
and analytical attributes. This EDA system information is accessible through a database
is the S system (Becker & Chambers 1984), management system. In this implementa-
developed at Bell Laboratories, and it is tion fTNFRMD is used to provide the addi-
interactive and strongly graphics oriented. tional data regarding the points of interest in
The linkage of a powerful cell-based GIS the geographic region under study. The
and an interactive, graphic statisticai system only requirement, however, is a flat file of
such as S is both needed and feasible. A data with one record per point, so other
GIS should not be seen as al isolated ss- database management ,ystems could be
tom but rathter as one component in a used. The new software includes macros
comprehensive automated database environ- which n-L'ieve and combine geographic data
ment including database management. from GRASS Aith the appropriate descrip-
remote sensing, and EDA components, tive data from the INFORMIX database.
Toward this end, software to link GRASS, a (One such macro utilizes a subset of informa-
database management system, and S has UDi, therefore a subset of points or sites,
been developed and implemented by the from the descriptive data set and retrieves
author. the appropriate geographic data for these

An exploratory data analysis module, points from the GRASS data structure.
based on the S statistical language, has been These data are then maintained in one
developed to link S procedures to GRASS prefixed structure, the characteristics of
databases as well as to other databases which which are designed to be like that of the
pertain to points of interest located in the data structure resulting from a GRASS to S
analysis surface. Since GRASS is capable of transport. Therefore the EDA macros are
incorporating remote sensed data, this EDA equally usable with such a data set as with
module allows the analysis of such data the data that are moved from GRASS.
along with that of typical geographic data Another macro allows the user to identify
layers, such as soils, gcology, and other such any particular set of points or sites as a
envimnmental data. group to study as a unit. This macro

The new software is designed to access retrieves data from both the descriptive data

the data sets that are -ransported via the set and the GRASS data to produce a

"GRASS to S module" in GRASS. These GRASS to S data structure which may also

data sets are in a particular form, and the access the EDA analysis macros.

new EDA module is designed to recognize In summary, this EDA module pro-
and use this unique data representation for vides a link between a powerful cell-based
information representing the various data GIS system with the capability to incor-
layer values for point locations, such as porate remote sensed data, discrete and/or
archeological sites, arid summary informa- continuous point data maintained in a data-
tion for all cells of the region of study. base management system, and a powerful
Data from GRASS may be transported for interactive, graphic EDA system. It pro-
any number of different iLes lists, each vides an analytical database environment
identified by a unique prefix attached to the from which one can do a wide variety of
corresponding data sets. The user is queried analyses, including multivariate analysis of
as to the prefix or prefixes desired for any GIS data
particular analysis, and this is the mechan-
ism for control of the content of the data
matrix to be subjected to analysis. The new
EDA software includes various univariate,
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THE MARRIAGE OF GRASS AND ORACLE

Sa&zford Fldell, Michael Haris, and Nicolaas Redd&Wius

BBN Systems and Technology Corporation
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Canoga Park, CA 91303

ABSTRACT

GRASS 2.0 was ported to a PC/AT under MS-DOS as part of the
development of a prototype Assessment System for Aircraft Noise for the U. S.
Air Force. Information about and complementary to map layers are stored in
an ORACLE relational database.

The 1969 National Environmental Pol- ment System for Aircraft Noise (ASAN) to
icy Act (NEPA) requires the U.S. Air Force provide planners with the means to conduct
to assess the effects of their operations on their environmental assessments in an
people, animals, and structures. Environ- efficient and cost-effective manner. The
mental planners prepare analyses that range first part of the development effort, develop-
from simple findings of no significant impact ment of a preliminary prototype system, is
to preparation of extensive environmental the topic of this paper. Development of a
impact documents. The analyses are typi- final prototype is now underway, in prepara-
cally based on combinations of geographi- tion for delivery of the first release of a pro-
cally referenced and other documentary duction system in 1992.
information. The following were among the funda-

Planners at remote Air Force facilities mental design constraints on ASAN:
are often hard pressed to obtain the timely,relabe, ndcomreensveinformation o users may not have extensive training in
reliale, and comprehensive ienvironmental acoustics and NEPA
needed. They often need to present compo-
site maps displaying information from requirements.
disparate sources (topography, transportation enviroonental at a time.
networks, aircraft noise exposure contours,
aviation, population, land use, archeology o duration of assessments may exceed the
and cultural features, seasonal habitats of job tenure of the planner.
endangered species). o users, often junior officers trained in civil

engineering, cannot be expected to have any great
It is not enough to locate and identify familiarity with computing.

potential aircraft noise impacts, one must o users cannot be expected to have access
also evaluate their significance. This to advanced graphic workstation
requires extensive computation, but also hardware.
access to various engineering models and o and, to keep things challenging, we had less
reference to citations from specialized techn- than six calendar months to put the
ical literature. Few computer-based tools prototype together.
are currently available to facilitate these ana-
lyses. The design goal of ASAN is to provide toolsThe U.S. Air Force Noise and Sonic t sitpanr ntertss

Boom Impact Technology Program (NSBIT)

is sponsoring develop:ment of an Assess-
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1. Process oriented. It was decided to develop ASAN on
0 Determ-iining the steps required to top of existing (IS and relational database

o mete i the seseq d management systems. GRASS 2.0 was
complete the assessment, selected as the GIS system, ORACLE as the

o Tracking the status of the work relational database manager, and U, a BBN-
through its stages proprietary screen-oriented user interface for

o Helping find likely sources of the user dialogue. ASAN's software archi-
information for unstructured

parts of the data gathering and tecture is illu&rtd in Figure 2.

analysis. MicroSoft C was chosen for the imple-

o Organizing "fixed" data mentation under MS-DOS, largely because

maps, mission profiles, of its completeness and close compatibility
aircraft noise characteristics) with standard UNIX C. In the past we have

effectively, ported software written in C for UNIX to
the MS-DOS/MicroSoft C environment

2. Analytic. without substantive change.

o calculating to predict noise The original battle plan for integrating

exposure based on current best GRASS into ASAN was to port as much as
engineering practice. possible of the GRASS software from its

o assessing of impacts based on original UNIX/Masscomp environment to

current knowledge of the effects of the Zenith Z-248 under MS-DOS. Then, as
noise exposure on the environment, analytic programs were developed and needs

o reporting the engineering and for geodata manipulation identified, software

assessment results in a form useful interfaces could be built to the appropriate

for inclusion into an final GRASS features. A major advantage of this
document (e.g. an Environmental plan was the availability of a stand-alone

Impact Statement or Finding of GRASS system on the ASAN host during
No Significant Impact). development. This could provide views of

ASAN data that were not directly available
3. Organizational. through ASAN itself.

o documenting work and decisions for Like many battle plans, this one did
review by cognizant authority. not survive long after initial contact with the

o record keeping required for enemy, for several reasons. GRASS was
compliance with NEPA. apparently developed as a set of independent

o maiing supporting information functions. Users interact with a consistent
accessible and understandable top-level shell or control interface that
to successors after a planner selects and invokes functions. The control
has been reassigned to other duties. interfaces inside most functions are not

standardized, however. Some functions take
From the user's perspective, ASAN's LISP-like statements as user input, others

appears as shown in Figure 1. take command lines of the keyword-and-

The ASAN target system was a Zenith arguments form, still others use their own
Z-248 (USAFs PC/AT "compatible" com- menu structures.
puter) running Version 3.3 of MS-DOS. Worst of all from the perspective of
This relatively inexpensive machine was building ASAN on top of GRASS, control
selected 1) because it has been purchased in interfaces for many functions are deeply
large quantities by the Air Force and is thus embedded in the functions' execution logic.
likely to be generally available throughout In some cases, modifying the original code
the environmental planning community, and to provide compatibility with the ASAN
2) because the commercial mass market for standard user interface proved to be more
this and other IBM PC/AT-compatible com- costly than re-implementing the functional-
puters makes available low cost graphics, ity from scratch.
ma&s storage, and other peripheral equip- GRASS 2.0 code also reflects several
mont. assumptions concerning the supporting
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hardware and software environment that arc, eliminated.
inconvenient for porting efforts. Parts of The usual difficulties associated with
GRASS rely on a UNIX interprocess con- porting a large UNIX-based software system
munication facility not available in MS- to MS-DOS were also encountered. The
DOS, mostly to support a multi-user most notable were in the area of memory
environment with a single shared display management. The Microsoft C implementa-
device. In the single- user ASAN system, tion of the standard C memory manage-
this and several similar issues were easily ment functions -- malloc(), calloc7), free()
resolved. Dependencies on idiosyncratic -- well known to be unreliable in large com-
Masscomp graphics protocols were expected, plex software packages, was indeed trouble-
but surprisingly few were found. Those that some in this port as well. Since the problem
were found were not of a serous nature. is related to the MS-DOS intrinsic memory

Much more serious was the treatnent limit structure of 640k bytes in 64k seg-
of pointers and integers as interchangeable mr.nts, it can be thought of as a memory
and equivalent quantities. This p'actice is utilization problem.
forbidden by the C language definitior but is One solution would be to add expan-
not detected by most C compilers. ''is sion memory hardware to thu system, and to
assumption rarely causes problems on 32-bit use a memory management software pack-
computers, where both pointers and umngtr age that utilizes the expansion memory for

are 32 bits wide. But in our developn,' ~ dynanic allocation. Unfortunately no such
cqnvironment, it created some of the nasbt package is available, and neither time nor
porting probl-mns. Undetected instances of funding was available in this project to
interchoinging ,ntets and integes can develop one. The recent release of MS-
cause either cor,-tzU or jntermituni DOS version 4.0 may present another soIn-
unpredictable operation, inconsistent pro- tion, since it reportedly includes an expan-
gram output, daia corraption, damag, tc sion memory handler. But for the ASAN
inrelated co-resident software, svstei prototype development effort, the simplest

software crashes, idl even (1isk and solution was adopted: problematic memory
firmware darar,,. management code was rewritten to employ

More than tw oiundred instances of static memory.
this problein were found in the G.ASS Recall that the goal of this effort was
source code. Many instances were found by to construct an ASAN concept demonstra-
rnning t1e UNIX Lint utility over tlhe tion prototype system in a short time with
source oridp snd ,"r' :-'--tng everv ii,'..al resources, and not specifically to
reported ,ii-n-.alY. Critical sections of code port GRASS to the MS-DOS environment.
were analyzed line by line by an experienced As more and more porting problems were
prougrinmer. encountered, the development process was

The GRASS code is structured as a necessarily refocused on the overall project
multilayered model. An action that pro- goal, and the GRASS presence in ASAN
duces graphics can pass through many layers was drastically reduced, until the goal of
of function caills before drawing commands developing an independent GRASS within
are produced. In tie interests of simplifying ASAN was abandoned. If a GRASS feature
the MS-DOS version, it was decided to was not required for the demonstration, it
reduce the number of functionA layers as was omitted.
much as possible. One obvious reduction In the case of absolutely essential
was the combination of the drawing- GRASS functions, such as map layer display
command layer on tl user side of the management, it eventually proved to be
graphics pipeline with the actual drawing quicker to write new code trom ser-atch
code on the device support side. After rather than to unravel and port the original
resolving considerable confusion over the GRASS code. As a result, the ASAN con-
tc-rn "window" (GRASS uses the term "win- cept demonstration prototype system
dow" to refer to thw entity called I software does not contain any original
viewport" in classical computer graphics, GRASS code, even though GRASS geodata

the GRAS!S window layer was esentially
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file structure concepts and file formats were ORACLE is that most of its activities take
retained. Raster data are stored as "cell" place in extended memory, running in pro-
files; vector and point data are stored as tected mode on the 80286 or 80386
"digit" files (used by standard GRASS as an microprocessor. In other words, except for
intermediate format in some internal and 70 kB or so, the MS-DOS operating system
conversion processes). In this manner, the does not "see" anything of the database
data b'ises developed for the ASAN prow- software.
type are not lessened in value, and in fact This was a major consideration in
can be further enhanced on standard ASAN development, because the SQL
GRASS wrkstations. engine is so large that it precludes develop-

As useful and effective as a GIS is for ment of large scale applications that must
many ASAN-related purposes, its capabili- share memory with the DBMS. Since the
ties fall short of an environmentai planner's aim was to build a large simulation model
needs. For example, much of the infbrma- on top of the DBMS (not merely to use a
tion is not inherently georeferenced. e.g., 4GL to do simple stores and retrieves), this
aircraft noise and performance charcteris- proved to be an essential feature of the data-
ti's. ASAN also contains an elaborate cita- base system.
tion index to the technical literature, a The GRASS-ASAN-ORACLE proto-
Rolodex-like capability, and various other type stores non-georeferenced data in nor-
.wn-gooreferenced information. A conven- malized "elational tables, where it is accessi-
nonal database is more appropriate for such ble to a large number of analytical routines.
information than a GIS. ASAN uses the relational approach for

Some other limitations of geoinforma- discrete geo-referenced data, but creates a
tion systems in general and GRASS in par- GRASS file as needed for display. A struc-
ticular also limit the usefulness of a purely ture similar to the cell file, capable of stor-
GIS approach to solving the environmental ing floating double rather than integer data,
planners' problems. For example, the range is ultimately required for our continuous
of sound pressures of interest can vary over geo-referenced data.
a range of about 15 orders of magnitude, While a normalized relational database
Ahile small local variations are important. possesses a certain theoretical cleanness, this

This precision is beyond the capacity of the comes at the price of system overhead. For
GRASS cell file structure. a demonstration prototype this is not neces-

Further, oanlyses of noise impacts on sarily a problem, since such a system
buildings, ruins, or historical sites often requires only limited amounts of data, and
require consideration of a large number of an easily modifiable database is more impor-
parameters. For example, great detail might tant than high speed performance.
be required about the nature of a structure; Our approach violates nonetheless
its age, construction, and use; its occupants some basic principles of database design by
mid times of occupancy; arid so forth. In carrying large amounts of redundant infor-
addition, the sources of information and mation in GRASS and ORACLE files. A
dates of entry or modification must be set of ORACLE tables is therefore required
tracked for several purposes: to create a in ASAN to maintain synchronization within
complete record of decision, to evaluate the redundant portions of the database.
currency, and to facilitate performance mon- This is not an undue burden because ASAN
itoring and updating. It is convenient to must keep track of revision levels, entry
manipulate this mass of detail in ways that dates, and the "freshness" of the data in any
cannot be readily accommodated within a event. ASAN continually checks that one
GIS piece of information does not conflict with

Non-georeferenced information in another, and that a particular set of user-
ASAN is stored in an ORACLE relational specified information is in fact a valid com-
data base, which provides a full implementa- bination of possible inputs. An additional
tion of the ANS standard Structured Query chcck for database redundancy fits naturally
Language on a PC. A unique feature of with this requirement,
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Of course there is one major caveat: ture. Although it is preferable to design a
One can view information directly with software- intensive system for delivery in
either the geodatabase or conventional data- 1992 for the 1990's desktop machine,
base systems, but it is an absolute necessity development cannot continue in an operat-
that the ASAN shell be used to modify ing system vacuum. One interim solution to
information. The internal audit trail loses this dilemma is to conduct the next develop-
file synchrony if ASAN is bypassed to ment phase of ASAN in UNIX. This would
update them. allow ASAN to sit out the battle in the

Storage of information about the vari- operating systems market for as long as pos-

ous map layers in ORACLE permits fornu- sible. It also means less work porting new

lation of interesting questions from the GRASS developments to the eventual

GRASS/ORACLE combination. For exam- operating environ-ment.

pie, consider a map layer containing the Since GRASS is not being utilized
habitat of an animal species. N'khen that within ASAN as a stand-alone system, but
map layer was created it was recorded in the rather as a building block for a much larger
ORACLE database that it deals w.it a par- system with its own user interaction,
aicular animal or group of aimals. (This is development of a "layered" GRASS (in
done by including the animal's taxon which function control logic is separate from
number from ASAN's taxonomy table for execution logic) is highly desirable. A sug-
the animal kingdom.) gested model for future development of

SAN can not only answer the qties- GR., SS is the approach taken by conven-

tioa "Where does this animal live?", but can tional databases. A modern DBMS has a

also retrieve references in the scientific 4GL front end so that functional primitives

literature concerning the animFd from a can also be called from application code

bibliography that is indexed by taxon thrugh a well- defined protocol. A GRASS

number. The production version of ASAN that includes user access to its component

will be able to carry this process one step building blocks would be a major step

further. ASAN will eventually be able to toward bringing geo-information systems to

ansxer the question "What do I need to rem a new level of functional maturity and mak-

to understand the impacts on the local ing GRASS accessible to many other

fauna?" problem-specific applications.

The preliminary prototype was first ACKNOWLEDGEMENT
demonstrated last winter. It performcd all
of its intended functions and was received
with great interest by its sponsors and The effort reported herein was spon-

members of the environmental planning sored under Air Force Contract F33615-86-

community. The design of a first opera- C-0530, administered by the Noise and

tional prototype is now under way. Sonic Boom Impact Technology Project
Office at Wright- Patterson AFB, OhioThe Air Force is in the process of under the direction of Lt. Col. Geral Long,

standardizing on 80386 machines. This and technical contract manager, Mr.

hardware is a much better engine for large Lawrence Finegold.

and compute-bound systems such as ASAN.

MS/DOS, with its 640kB limitation, does
not make much sense in this environment,
but the Air Force has not yet counitted to
an operating system for the new machines.
Development of ASAN will probably not
occur within OS/2, which is at present only
partly developed itself, and may not be the
system of choice in 1992.

Continuing development of ASAN
under MS-DOS imposes the operating
system's limitations on ASAN's architec-
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INTEGRATING RELATIONAL DATABASE CAPABILITIES
WITH THE GRASS GEOGRAPHIC INFORMATION

MANAGEMENT SYSTEM

Janmes A. ~hxrley

Arkansas Archeological Survey
Fayetteville, Arkansas

ABSTRACT

Relational database management systems (RDBMS), have provided users
with the ability to store, manage and manipulate large volames of infonration
for nearly twenty years. Sincte E. F. Codd's ear!y research with the relational
model in the late 1960's these systems have been refined and today represent a
standard for information management. While RDBMS are traditionally viewed
as text lazed systems they can contain spatial reference data which provide a
logical link to a GIS such as GRAS. This ability to link text based systems
with a GIS serves to extend the range of information available to the GIS user.
For exunple, UTM registered point (lata and polygon or area data can have
multiple attribute associations which re retained in the RDBMS and accessed
from within the GIS.

The Arkansas Archeological Survey is currently developing an interface
between GRASS and a number of archeological databases constructed using the
INFORMLX relitional database software which supports the Structured Query
La.nguage (SQL) standard. This interface will allow the GRASS user to gen-
erate sits lists and reports using SQL from within GRASS. Discussion will
focus on the rationale for this approach, the benefits it will bring to GRASS
uer and the progress made to date.

INTRODUCI ON designing this interface. Although the dis-

The Arkansas Archeological Survey is cussion will focus on archeological applica-
in the final stage of designing an extension tions using particular databases, the need to
to the GRASS GIS which will provide an link a relational database to GRASS is by no
interface to a number of archeological data- means peculiar to archeology. In fact the
bases. These databases have been interface presented here will be generalized
develolxed using INFORMIX, a commercial fi accommodate many diverse applications.
database packae disuributed by INFORMIX There are three key issues which should be
Inc.. of Menlo Par'- California. The should be kept in mind throughout the dis-
INFORMIX software supports the Struc- cussion:
tured Query Language standard (SQL), and
ixiheres to the relation model popularized by 1) GIS applications may be appropriately
E. F. Codd in the late 1960's. This paper applied to any problem or data set which
will examine both the rational behind the has a spatial component regardless of scale.
development of an extension to GRASS
which support- an interface of this type and 2) A GIS is nothing more than a spatially
the methods and strategies we employed in iegistered database.



31 lW cost koACIAItt Ili o C0ISL1tJIcuIg a databases harve beco me ani integral element
(IitabflSC. spatial or non-spatial. demiands in the day to day operation of businesses,
that the information be uskd inI as many the Federal government and research outlets
contexts as possible. across the country. In these wide ranging

Underlying these issues is; a gnrl contexts people have amassed an extraordi-

philoso4phy which emphasizes a modular nary volume of data and have come to rely

approach to infoririation managvirent muid on databases to maintain multiple observa-

ailtoiate~l analysis,. Within this concep)tual tions on diverse data relationships in an

framnework two major themnes are- relevant to organized structure. This organization of
thec preselit di1sorissiori. First, anY da bs information Is the job that database tools are

flhirescris a lorig Lenn insthutiona] invest- -aeui c-afted to perform. If we as GIS
mnent ind because Of ti1iS it IILISt bc11*il proponent,- wvere to adopt a corporate atti-

tained in a mnanlier that permnits mnaximin tudle towards both the spatial and non-spatial
i~g in at wide variety of applicatic~is . This dauilwLe. we have access to we might derive

cpan be thought of' as aI corp~orate strnategy for si gniticaiii benefts from our attemnpts to
(iatala.-e mianage:rvnt. S'conmd. ini oier to exchange daota and informnation beta'en the

facilitate such a str-ategyn a toulbox mntlfit'. two.
needs to be( clevelo pt-d in whlich iiidivid in!I L', additionI to these basic organiza-

applcaiidi ro 1fins i seeras o nal str-engths relational dlatabasos often
bUt '011iPpatiblke W0oL whiCh can) I)( use (d ;1n ctitin inforrnaticen which is closely linked

ri :nIU-'raL fashl'mI to accomplish rte anvl S~ alipilCatons. For instance, much of
or ii magene nt abitctive, I'rider tis f*r)- iiif() :niation storetl in databases is spa-
ImIoat tac toII )o I , tt IS.% tire R 1) 13MS orI tiNdiv re-gistered or has a readily identifiable
other :ipplications pn~orans_ , uis. d in sLilco-nponent. This is particularly t

dia eipasiesit; 'trillland no0 to0l ini the area of natural resource management.
is 11difedinordr A)perform aksC~ Archeology,, for instance, attemipts to regis-

which it was riot )rigiwdily dlesi gned. This, wr eveitytinng to) a1 particular provenience
is the inverse corollar-Y to the K-TFLL, and~ we have entered vast quantities of data

H;NZI' it slices it dlices paradligmi of inle!tia- dalIirig w~ithi individual artifacts, subsistence
.im lystewevonedah mrus strategies, settlement patterns and popula-
on1e, but when yo; ric'ed a screwdriVer! troll (Ivoam-ics into relational databases.
don't try to mnak*: the haninier do the Each of these entries has cormrespond-
scr ewdIrivers Job. lrng locational information and whifle the

scale mnay vary from centimeters to meters
to) kilomettrs the simple presence of this

A DATABASE INTERFACE TO GRA SS, spatially registered data demands that the
WHO NEE)S IT? information be subjected to the type of spa-

G"RASS is an extini11ely Powerful and tial analysis normally associated with GIS
comprehensive software package which is -ipplication,,. It is suggested here that this
capabjle of inaniptilating qpatial datai to pr~eponderance of locational data located in
atddress a wide r-ange of pnoblenis. Given text based database,~ is not unique to
this, wlik introduce additional features whiich areheology, but might be widely found in
add to its complexity and maky be responsi- aMiY numrber of applications oriented towards
1Ne for ning the s ' stem more, difficult to the environmental sciences.

asThis approach can he characterized as Most importantly there is a logical
the "IF IT AIN'T BRO.KE ... DON'T FIX rr ikagu between databases and GRASS
panidhlgnf of pr-,gres", which has a great whiich is evidenced by some of the existing
deal of mnerit particularly where computers GRZASS tools. The SITES module requires
.Ure involv(d, that a sevries of UTM coordinates with ui

However, there, are se-.eral valid rea- accompaniying tag or identifier be entered
sosfor such an iundertaking. First, the into the systemn to prepare a surface suitable

conicept o~f aI text based or relational databaa- for positional analysis. The RECLAS
is almnios synlonym lious with computer appli- modlule requires that a series of relationships
cationi.l~lns. . paticullarly relational auv defin. and Input to modify existing data
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and construict a new map) layer. Each of existing GRASS modules or from new
teeprocesses involve thte input of infor- moduiles which simulate those already

mation viinch is maintained outsidle of the pre-sent in GRASS. For the purposes of
GIS. In nuy instanices tis information has development we have relied on two existing
been previously, entered into an existing databases which have been used in ongoing
non spatial databaso of one type or another. research at the Arkansas Archeological Sur-

While GRAS6 is perfectly capalzIe of Vey. The AMASDA database is a

handling these SitoationIs in its pres;ent comprehensive inventory of over 22,000

configuiration the methiods used to conduct a archeological sites with information

RECLASS; 7 or to gt nerate a ,sUTES list is measuring over 130 attributes including

soi ht h-i~logu tc dic i,,ii-ne :, U atn id northing. The second

screwdlnver 1k iph'T~p ciac e Tlo 114 tase used during development is smialler
strength 1f GP I> nis ~ , ajid conitains census oriented data from

Sinaninutla o _RAnd , e ' nvl iti 'tY I over 700 countic- encompassed %%ithn the
strngts f aA 'a. i~~ ~ ~ COE -!outEhwesti-rn Division. In this case
jxrrrm OT11:tJin I j;~ to~ m -Wh co onty polygon received a uruiqu,-

tl -i ('i C -i L ' tl di riti ndt o Ili k!f v idonIt~ifer enabling us to tn-a! this data ill
-j it, it w~r~~itli multiple fori:--Atin4 munch the same way as one would u-eat ai

1 tll' C.e rn iti' 'Aiu m klyer re-presentig training areis on a

(n by &xuj, liJFES and RECILAJJ\(. :r, iLt.r installation. ovvea ntd
f .- t l~z ~h~k o ~ ~(l abo(Ve Ot LiSefUliet-.S of these tools is by n

iL4k icqei. 1 C Xt to Lei iTI th '( ijV' ineons r~stricted to such at narrow rnge
o of te ( i \~-~-.t~ ''din-tl - f aipplicationi andl they are being irpe

Zhouhdit im-lprvk tii eatse .i th wh~ iI iw'ted with an eye towards veiitual
inodulez_ suich as S_'ITES ;ind RECLASS ar
x-ecute'1- d 11,- -Viditie n 1 tol ti 1111atio

jincreased-( 'iso of tes tool- Nhlie inccr-
por-afirig a much wider range of v aluable 1)1 SITES - Database Dterivicd SITE
datil. This t'Voe_: 04' s-Vm1-bir~ti U tegratU1is Il [8TS
a' excelle~nt examiple of the TOOLBOX The D13 SITES module will be created

anpoah V) alutollatel MAnalyiS, as a11 extension to the existing SITES pro-
grams appearing as option number nine
on the menui. This program will be driven

DBGJS TOOL~S: AN INTRFACE ONLY by a direct interface to INTFORMIX and
A MNOTHER COULDI LOVE v'.-ill support a query by forms for-mat.

Integratioii is a lot like time, it a7 a Under this format the GRASS user will
r"1ative- p'henomnona. Twvo thiings can be be temporarily placed in the IINFORMLX

characvte(nzked a-- initfgrati'(l it' a simlple Con- environment and a data entry form wvil
nI-eionis i~lebetwen hem.Howvor appear on the screen. At this time the

tis 1s niot the dem,-e of integration we felt user will select the database tables from
WIl~Li he most likely u) e~ncour-age ti,:4 of a which to draw information and enter values
dLaabase link with GRA.SS. GRASS users into the fields upon which the query is to
are aln'atiN accnstnme~l to an extremely be based. In most instances this process will
fl(xible-. fhien'ljjV inter. a'f whichi acconlino . require only a few key str-okes. The data-
dates mainy levels of' user ,xophistication, base system will then take control and
Because of this we felt it was essential to r'OtnHeve the rows which satisfy the query

T'tan a muc ofa GASS eel:is ossble and exist within the currently defined win-
lebwving the( actual database interface, tram- do w. For example in AMASDA one

lin-n toteedusrwe vr esbeight request all sites with mounds orarfit o te nd serwiim verfca~ibe. all sites that have been assigned to the
'Phi. resulting suitie of l),iiaktse (Gls cultural period Early Caddo. More com-

tools t DB torols,:, attumPts to achieve this plex queries might seek all sites which
11,Vf-I of itraonwhile aklressing some have truncated mounds, and have beern
of theip se outlined above. TheseX tools eignte s -te Caddo andl also have
nn, desi:gnwd to bo a cessed from within ds-ae v



Ubeen subjected to nion,;cit tific iii\'estg 7A- an SQL statement and submitted to the

row1s.wl beCI frNatd to~l (3lfO S to d ts omand lewie. rorstereuse
raiidl StflictT' ain tnow IIF1RLt Ce)io opsaing n tiapprahi conjuntionth
moundrto hich h~pae( ben the' focus 1of. ACw xtwitteth whi fowester Givis
nli-aton td eanatn. Th qK uTI r\ inu f-ile. (iab as ist then eblecutod uing
MitSI'7f. iay is rnd e wlcn user tners ti file as inutb do coopletio mals
tratge maties lia te siiands or. segi t 'ech rpresenteS dupporflsaphi can-

rwrk vrith tbe w v en td snitte' a Ates core't-nd atienn wnyya imvl

fern rWc' pu i lewela a-t es iUngsin th~dnits arac in 0 conntin
geneilY- ACEo w ple in coiuithei it' a io t-i tugChoFut- an iht st nh Dieson
Aietr of : 1) i cur iits of this i ' iitsLl cnus d-bse wc %veyg a bl nu tie qin thi

N1,4r- At this tiume te uer ~-t is -v. -Lure, auiibuct nuformtiof diopet mecas
to a -pa iuii el iiV nn1)it 1SitS 111 ainiia;1 xikvpef lb h

th~r Aith tmse , ow a: cr-i- site i5" sl liich rze prsrtn-.no r, pic h n

w& ~ ~ ~ ~ ~ ~ lllt7 1 d~ :ie it watead l~a 'ii;gi ten ,iii tw h is vpr iotreas
th- os bki thpe vue l, ardtat tj-ek othsnre ageo pliain
thy lth [eu c itxdfo- h jli'l 'A We 11')- hav b unr o ca pr mt withthi

atexm l. inWe~ v hav ( t begund t , nii, i cesg sing de ivead freomt sofis tiap

execis th daA.< of tkiis alaaltab 01~ vol conysisa ctontiecs ndi
the mulo table ~ ~ ~ h 11iuerylW caailte ita P1P hav been sucsfl inqickly crend n

p)rt to fex1 ti1-11,(- 1 etkn comnp) asoiain. i nap- layers ib pitng pnitom ten sucass

.'.il acep ani i a lgoith whic isc us x~f ed to ic
Z-'J roLh l T Ij~l I IP1,X (1 1 rede Iv tt ie vlues t rern of' i ipqoygont

l)H nz RE hAS %U 1)a-(zzdl~n ?I,) Dtr' it w ill n thi i tipu ch the sm wayt es
J1IE111Ab 111(f IX' i rial Datt Gmpcadt l i except th ane c falculation.

Tlire ~e dB v PELASS fodulhe wl prfre onv( coumns w)epirt ith thibs
Of e1.iiipre Nf tue ( noitin yeAS m glodue inxstea ofin bteied fa lrom ils theas

tl ias urass and ujill prit heIp usr0r xmle Iceu in dck tosadreatheg

to~~~~~~~~~ ~,%l spcf n soitoswiheiti h essactanfo agrah whidche dataset
databse asthe citera forcredtngite new vd h xtlo value forereen eachyn

whic resreSs mutil attrbe tagsv for wihifncticont to obtin aeme of a
IUVi lividiif poly a Data pulato ep stuat tile.cluainr

1)1I RECAS 1)ll beCAS acced frlomol-ido oumswti tedtbs
thecriand lne uxsig anAS argument speciofbten np1 ,esi teG

RIelss J) GRECLASS3, i will plae-i the user Th xae fin dabae too weanardizert-
ito spchya asoRiateionm hihet.st ithe ienig toadsat this timae isadvrato thebs
tia te as te ritefr cratsingte valu vie, twha ('ornmat suppote byr e;ach

mulihple values mutr l a tzbtet- formlwhcis ihin t3hat n wbtill uncetionteioi

fhom t ofsi oth herce operation. uch the Aair wayi as*- lRrt xep ta

'11h1s irufor-mnatioii i-zdw tiii nrior rate-d in1to it will poll the dat-aase anid report back on
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any known attribute associatons within environment could be established which
fixed indowN of one kilometer. Like Dwhat allows the user to work at a single display
this will bo a mouse driven routine. The which is running GRASS, a relational data-
user will enter the P1B WHAT command base system, an exploratory data analysis
from the command line and a graphics package and a desktop publishing system.
curseor will appear on dip display screen. In such an environment the concept of
The user then positions the cursor in the integrated tools might realize its full poten-
approximate ara for which information is tial permitting multiple applications pro-
wnt-,cd and clicks on the mouse. At this grams to execute simultaneously while data
time the UTM coorlinates associated with is input and output from one application to
the graphics cursor position are passed to mother.
LN"FOR.MLK and 2LstotrIht$ "ure exe Imagine the possibilities'
cuwd to obutain all the rows which fail wihi',
one- kil ii ieur of that location. Az
coluiims for the r-siltinc rows are then for-
inattd using the A(.'E eport w.ir nd
car put. o-aIlI this module would repcrt
i,,ectv to dc a n-er, however ditfere-tal

b:>(.~i5 .~ ;jX-d16 (MG the poti.ntial f'o ,,
,'i- 6O), f' ,iation in database siwx

.-Uh .l.- m (af al)-- 5 i' 1 0l reporjY1t
ii I; rden l n i i ackgt Intd ar

'..tc to 0 55 s oNh.

W,, 0(1t the I) B WIIA i.\i' aroir wilh
pr. ('Ole a un-at deal] of insight into the.

,enge of iiJormatio n', ailab- in the vicin-
it'. of an l vfon !ocation 'ithin th ( GIS. It
-ill f'inctior as a snapshot devic- which
10, os t1he user to autsano sl:; examine a

(31S map surface and a suite if associated
attribute which are stor.d off'-lou' in thc

rrlationai databa.4..

INTIE'RFACE ERRATA - SO MANY
TOOlS ISO LI'lLE TIME

The tn,,Is discu sed -1)ov are only a
.eail frition of those which couid, and
t1.!,'v will in the future, extcnd the
capabilities of the GRASS system. In fact,
tho interfae ;ve are developing might
most effectively :)e viewed as a proof of
concert. The conxept in this case is not
just t]",; link u1' of (;tA S to a relational
dhtbaa.-4-, l ut rather di' idea that the
initegra-io of a nurli)or of specialiied tools

call enhance the environirient for informa-
tion inanagenlent and automated analysis.
We have also beer. working with linkages to
the "S" exploratory data analysis syste-m and
have disussed the possibility of working
t ,vwarls an interfi'e to a desktop pulish-
ing s3.-tr. VWiI th amvl of X-windows
it is crnceii val, tlhiat a windowing
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GRASS in the X-Windows Envirnmnt Distributing GIS Data
and Tedmology

Ken7eth Gaiels

Center for Environmental Design Research
University of California

Berkeley. California 94720

ABSTIACT

G IA"S- ( Geographic Resou're Analysis Support System) is an interactive,
high-performance Geographic Information System package designed to operate
on a variety of lased graphics wurkstations. Recently, work has been under
way at C 'Rrkele-'s Center for EnDvionmental Design Research to migrate
(;f.A.-S to the X-Windons envimninent, which is emerging as the standard
graphics, windowing, and user interface syste:n for workstations. X-udndouas
provies a number of advantages to the (IS application developer and user: (1)
applications softwaw developed for one hardware platform is portable virtually
without modification to any other platforin running X, (2) X is a networked-
based protocol, meaning that users can directly access data and software resid-
ing at any nrnote host and display results locally; and (3) a consistent user
interface may be maintained across a range of platforms and implementation
schemes. This paper x will discuss the issues in moving GRASI to the X
environment, both in terms of the graphics requirements and the development
of a user interface. It will then describe a series of implernntation scenaria for

;RAS8N, including remote database query and geoprocessing with workstation-
based interaction, (Is database distribution for local processing and display, and
local or stand-alone data development, analysis, and production. In any of
these paradigms, complete (IS functionality is available to a decision-maker,
planner, resource manager, or other user.

This reearch effort is being conducted at the Center for Environmental Design
Research inder the sponsorship of the Department of Landscape Architecture
and the State of California Department of Water Resources, with additional
cooperation of the US Army Corps of Engineers, Construction Engineering
Research Laboratory.

INTRODUCTION
The exploding interest in Geographic tered throughout a region or state. An

Information Systems that we are witnessing increasing emphasis on standards for com-
as we approach the 1990s is manifesting munication and data exchange and on
itself in users' demands for direct access to "user-friendliness" to a broad community
timely, accurate, and understandable geo- of users is forcing systems developers to
graphic information. More and more, rethink traditional approaches to the design
organizations are requiring that systems they of GIS, and indeed to the entire range of
acquire or develop make such information computing resources.
radily available to planners, decision- The Geogrp i Resowre Analysis Sup-
makern, and other uers, who often ve scat- port System (GRA,%;) has been designed as a
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highi-performance. interactive environment importing existing vector and rasti-r data for
for access to geographic dta managemient, performing boolean overlay, weighted
analysis. and display toolsGoran, 1987. modeling, tabulation and statistics, and
Developed and distributed at cost by the othier analyses, for displaying and interacting
Army Corps of Engineers, Construction with graphic map information at a worksta-
Englineering Research Laboratory, in tion, and for plotting and printing carto-
cooperation withi several fcderal agencies graphic products. It also includes a subsys-
and uni ve rsi ties, Li~ tilizes the ncW ten) for imagery analysis and integration of'
generation of based graphics workstations, image and map data- A complete descrip-
vwhich provide mnini and supermlini computer tion of GR:\S. capabilities is beyond the
perfbrinalce in relaiv 1Y low-cost desktop scope of this paper, 'out a number of addi-

sysems Ti_ ouuain~a-esog~i ticual pujblicionis describe it in grteat
zations with complete (;h- -Ifaililities for detaiERL, 987aGERL. 1987b.
bo:th comiplex analytical pirccssing and end. Although t]IZ.SS letvel.;pmrent_ i s centerend at
user access~ to imap-base-d mm oin-ation. iA1 . Army, Corp<' Co nstruction

A-X~noos 1 a Cft~L~ svurnfor Engineering -esah Lab~oratoiy.,, the fact

C.raputer graphcs. "Indow.inT. anid lustr tht" IS i niXllY, placedl into die

in~teraction that 1) lwen !leve loined over th pohiic doinaiir has meant, that other sites~
thr* 'e a. a Masahsets Istiute" have -iiade ixme.-nus extensions to thle on-

ilohlalogx and Placed ino he public_ g ',tif OCGIASapA? the0 qua~-

A X\inldowvrI isnique in itsEmr tferlv nec ,, ,Itter piubished., li CE Rl,.ist.
~~~~;I'C Ollm 11( einSc t focus,, of this paper i lt

Ado od n~ 1 : rovil's applicaion inw~gration of H-&and X-Windows, it is
Afc .i o per :Ud uiiser-rt1.' ! i&Indo as flexi- importanmt to MiderstUiul the graphics
bility for tranlspareitiv acicessing so-ftwre environment in whiich (lk.-,,- operates frmi
'mit data Tm-sowiices at reuxnotfl locations; on) a both a user's and a progralmmer's pe-r-pec-
he~teroceneous netwourk of computers. tive. For a user, various display utilities and

The , (II onent,'Iry nature of i(-Ss tools have been designed to provide a high
tixblt ndXWncs etoketni level of ,iser interatdot. The user can
bihity suiggests U&e valu 'e of !, meorge of the dispa 0 a -O h ceno vr
tw~o. By Inkii ig the, inwracbtve capabilities lay multiple c( l niap)si overplom. any
of' CitASS' available for use througfiout I number of vector or DLGA files, and rnanipu-
ful Ily (fistritalited environment via ( fie late the resulting image with a combinatio;n
meCIhaniism of X-'Windows, some of the of mouse, keyooard, and prog6ram- drive n
goals of mirect user access to geographic commrands. For exarr -le. he or she can
information can begii to be realized. This change any or al the ,. rs displayed. iden-
mnerge, C LIrr'ernt ' underway at U.C Berkeley's tify real-world coordinau-s for locations on
Center for Environmentail Desgn Research, the screen, query the attributes associated
is being performed in the context of the with a point or region in any themnatic layer
Kern Water Dank project of the California in the database, zoom and pan, performi
Departm-ent ot \Vnier Reszources. rhe goal linear andl areal measuremnts, generate
of tis particular effort is to make a variety label files, and correct or update a data layer.
of thematic la9yers available for analysis and InI addition, with-in the imagery subs~ystem,
display qt varions ]WI offices. capiL'ThZJIg he or she can gporeference imagery with
on the rapid txpamsion of the States high- other mnap data, select training sites, and
sp~eed data conmimnication,; network, performi various other display enhancement

functions. A fundanmental design goal of the
(mNA';-X-Win~dows merge project is to at a

SYSTEM I)FSIGN CkNSIDERATIONS minimum maintain all existing capabilities ait
Ai theie f M S iir existing level of performnance, and to

GRAN\S is a gnid-based CSfor rnaintfe- enhance or extend them wherever possible.
nance. mnalvsn. , and displayv of autornated -- From a programmer's perspective,
map information. It inicludes facilities for (MASS code hias been extensively modular-
digitizing map,, (in arc/node formiat), fnr ized in order to minimize the amount of
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hatrdwati, lef-wiideit software. Writt.n in C It provides a user environment for creating
for the UiNIX environment, mnost of CRAS.S and manipulating windows, using a keyboard
is essentially portable to a wide range of and a mouse to provide input to applications
hiardware. The use of only at few device- software, and accessing multiple programs
dependent routines thus means that the and systems concurrently. Because of
entire syvtein can be ported without nmajor numerous advantages to the syste m
effort to new platforms. 1  Isolation of developer and its fundamental device
hardware-(lependont code is accomplished independence, X-Windows is emerging as
through the adoption of a p'-ocess -drt the standard for window systemsHack,
modefl~estptrvelt et al., 1987. All (R.V-.' 1987. From a programmer's perspective,
tiliies that directly or indiectly relate to Y-Windows is a layered system allowing

tite display Irf vmlttcn u~lggeneral-purpose applications to be constructed onl top of
display subroutines. Tlwstc -subroutines are library subroutines and toolkit widgets,
in turn repr( sentkd in a sepaiate libratry withoutt r-ogard for the underlying system

row'hand dosvalnvlh, prinlaziv . which o pe rati .ons.

chra'xterizes die genIeric dIisplay Prinitves At its; mrost hasic level, the Y-V.indows
necessar_- to pel'fil i desired on,'ho.(vircnnerit is analogous to tldat of U;AS.-

Fiai t z l);iratclbra~ ieri s the ,pe'cific 'Fiat is, utilities wishing to display text or
5V~trfl stt~a hanwx'ecall tha wil PWNgrapics on a workstation screen communi1-

duce- the grap~hic oil the wv' rkstatio, I of thc ; requests to a separate pnicess that
In existing co nfigurvtions, hif t is -nfigurd for a particular harrdwePe plat-

sufwar-'iiuilwrecalls ari kernwl-based. hi~i.n the lexicon of X, these utilities are
suhas Sun(o 1-r anid M, assooip c S a l rints, and the hardware dependent

At i-n-tine. a bciuw pres- pmcu s.s us called the senier. Client applica-
the .- d'i~~r- einhodyitiug the tI-anlsla- tions may exist onl the same actual CPU as
U0on Of the' ,mtn miSplav. l)HlMT ;E liL() the X sreor they mnay be rnrning on
the hardIw-are- deendentt sZystemil cliie is some other node on the network, that may
startedit dite displriy dovice.f or within a not even have the same hardware archlitec-
display' witdow. iDispjl prcse corn- tire. X-Windows dliffers from other win-
mnuuuicate dirrecthy with th-i.s driver via all dowving and graphics systems precisely
intkerprYct.ss conitnunicat:ouIr HfW clanna'L. because of this reliance on a network
igunerdlv ifos S,'ystemi V 117NIX so-called piotco-l&:hcleifler'Gettys, 1986. All client-
ninet Ipipes' or &)Ck*tt, B erkeley L" IX net- server communication is via simple, asyn-
wxorkingj. Thel( ratioirale for this seemning chronous byte streams sent over standard
complexity is that display tools are identical network protocols such as TP/IP (nvnsy~rt
from iahine to machine, and even onl a Control Thotocol/hternet Protocol).
specific comp~uter, they may connect at run-BeasoftillXcensredve

time to various (RS~driver-6 if for exai independent, sending instructions ,defined
pie a host was configured with multiple in )M) via network or interprocess com-
display ino)litors). Ais with the i. sc r munication to the X server on a local or
eniviro nmnleit, a prinli-ry goal of dhe Gk,'l;\H remote host specified by a unique namne or
X-Windows merge is to manftan the address. Servers run as continuous bark-
tefficienIcy of' the existing mlodel, ground processes on any addressaible host,

Thu X-~dw~t~uul~srfzdt listening for display requests and mediating
X Widow is gnphic wi winow- keyboard and mouse input. The servers

n Windm ows hisgi raphlicsnd worsindow then are the only display dependent part of
ing ystm fr hgh-esoutin wrksatins. X-Windows. For a user to use any X-based

i. trmdm-iark ., 11 jLabnri, application, anywhere on a net-work, he or
CurndJ . 'ue runis on Sun. she needs only to ensure that the local

and AT&T 31Vt co mpmml,-. using Owth' mive rrapl- display H e, the workstation he or she is
iv sv!4vrn for am h. .- dditi,,jwd j-~rt. t, (i mpaq, using) has a X server available and running.2

M~iit-.h. mtid .-\ f k an- :m. t hi- plamnnUl ()r

2 This i., not an acadumic or theon.tjcml disus-

sion, At, this "rnlmng. worI-.stzitioris for which X is
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TlYpical client applications include virtual AndYvtv0gura1Neuwirtfl. 1986, mid others
terninal emuiatxns, Tektronix graphics emu- Lee, 1988.
lators, cailendar and mail handling tools, text nertg-RSmdXMuaow
editors, and so on. A number of clients are
designed to provide window/menu/button The actual programming effort

intt.rfaces to existing general anid special. involved in seemlessly integrating GRI{A88
purpose applications pakgs cid X-Windows is necessarily a phased pro-

A spciAcas of liet aplictio is ject. Over time, X' fimctionality will be

A usec icaof clinaent applietionisi extended fro m simple display in a

thesg use sinX td oesrio enfgr. By plci networked environment to completely new

deign dabou on w at de not enfoe an sho l to.ols based on ani X-Windows user inter-face.

iy abouth what w the iak l a d efines s houl ba At the ;aine time, the existingy base of

user manipulati-s windows. uid may provide GASdtbssadue., -orqie

tools such aLs pop- ip ienuls. scrollbairs that all modifications he( fully upward com-

ail borders, arid icens. 'Thu win~o patible Nxidi current imple ni- ntations.
ii-.Tigern.,,t po~vde nichansi fc- voireove-, ;kVL-SS procedunres anid dispiay

r i~vn ,a nd ninA in pro ide~ j a m eanimh o in't'ipulatioti Iriust colitillue to br- a-i lable'

I lioing m ,!' y in g th, it a hieraon ith v th' on pi l tform s other than X' workstaions, for

\ o i iw$. ad, in 1t conjicuon with exa mrplo -S ter i inal aszzociatfd withl

U( nsIc fr niw, windoAws, selecting gr-apho liciaii s inlagf-bS '.uhSstemrs. This implies
-'<j from wLdo Ct , cm li of a parallel,. raulit- l~

:I, ti text tV parin one wido laemiet display and interface systemn.

chanie rkf couish applications ma'! ha The initial phase, which is largely comn-
their owa ser interface n:!les thi,. differ Lkt- -a tir %N ting. is the development of a
from each other and those of theO winio fit W. d isplav driver that communicates with
rmnager itself'. This remins one of' hl mi X ,er-cr on a host. This driver simply
ditor1i(r inipltienmiaton issues for the(' u4- taes the pmrt- of those that prrovide GRiASS
(lell)IA'r.' dizsplay using hardware-dependent graphics

Toiat collections of routines SO ftwAare. At run-time, the grass-A' driver
wri. uo ui the u-vUbsbouie anslates the, graphics requests, commurn-

alwrte usng then no at i ly lsubrtid es cated to) if via fifo's from display utilities,

all9iw pre ogri mnrn"w-dgt " e asil inc lu sc into X-prota)col syntax, anid sends- them to

featurs odbr,- "wrid gb res ic t as cr l rs he. designated servei via sockets or WCv. In

mebnus. Titeo and borderints ther cppai- this, iimtial phs, there is no change to thie
catins.l'oan xtet, tesesere t crate rnsterW)b which generateb~ graphics requests

conszistent lokand-feel across multiple
apliaioris. sincf, at least those widget-, look fromn displayv subrotitines. To a user. there

and )Peatf ll he sme ay. heymay is essentially no change from the existing

iln pr)vide mom special-putrpose capabili- tenrminlend- anoterwno acts as a islaysu-

1205 u2) the programmer, such as color table fae.mnladaohrat sadslysr

liiri~ilingv, image and bitmap manipulation, fae

and event qlueue polling. At this time a The next phase- wil involve a more
numtier of toolkits are ava-jiable, including comiplete integ-ation of the two display
the. A'X h fromi %Il'. C arnegie -Mellon'is mechanisms. This essentially requires a new

version of irsterh that is written usiiig
cot! ad u' o1, ' .cd iriclud' JDigil Jirect refeni-nces to X ib graphics calls, rather

L'"iipyroiiiI lc r,\% a x, Sun M s ns, w than to the device-independent subroutines
H's! it-iPackard, Apd!o, [IN. HET, and tlicrs; currently used. By eliminating the " middle-
dci pl F~nc-nt I.- under wa - o n a \ a nety o)f nnic r, -"GRSdrvth reitnlbayCOMrIIIIrs a.. Al] Virliully all %-rkstation ,*,n- man (~f rvr h erte irr
rjI'- have . ,rnrnitt4-d t. X-Win'd,.s in sortie form. should substantially increase graphics perfor-

Thnan, n . ..nit: aliemptif L, dctine a user mance over the initial model. Moreover,
int,'-ae ixdic ' . including S)nAri-'&'s (Crn the capabilities of this new "Xrasterlib can
b,-kAT&T (Ariric:in 'luphiiic k& inlogrph be tuned to the specific features of the X'
('in p it,,,Ne av server and rely on resources built into the

server, such as fonts ( for- rapid labeling) or



backing storie of bitiniaps (for interactive Such flexibility is ensured by X-Wi'r.ciows'
reall-timle M-ripllics over-lay). client-server- model, in which every system

As pvlinnary work% has pr-ognessed oi functions as a server with respect to certain

designing the new librar-y, it has become capabilities and a client with respect to oth-

clear that the its functionality takes on the ers. Thus a designated host can be a (RASN

char-acterzistics of an X tnolkit. As a special (or other (lS) applications server, a data-

pui-pose toolkit, it would provide the ('AS base server, a cartographic display server, or

programme~r the building blocks necess'wv to a server for any other desired purpose.

implement displa ,y tilities, much as the The first model of the G IA,9-X imple-
existinu",~tri doe.s now. In comibination, mentation made possible by the work
wvith g~leeal pulrpose ( toolkits. Xmr1st*'r0 described inl the pre-vioUs section is remote
would f'acilitiak. entjirely nev, wayws of iraple- operation with local X ser-vice. In th-ib
nienting t; k. capabiliti~s. iacludiiig mutid- niodel. all geopr-ocessing arnd database

ple display window'Ns. mnore sophuisticateb.d uise anleysis is pr -for-meAio otohrta
of' pep-up m-enuis, property shets, and so the usors* xvorkstations: the wor-kstaticn

II. handies only the actual on-scree-n displav

New use ineif~ prcedreswil j~ and niouise.'keyboard input. The remote

ji)p4,u'na'!)ted inl a sutbsequlent (levelolui fl s:Yt ,n suippxo-ts both the application

ploit- once, the X,'nsteilib has beeni provoi, _4ftware and the spatial 'attribute data for
rr;)1t-Iri n.relable. (.rI--Oually, as (f\ ' t! -) Ie The sys-temn may be optimized, in

lwc 'Ci - ii11' kvid1 Iv used aiid iv;ilabie. irIiiwl: are alnd softwvare, to performn ('I

Ii5,i15: A, \U'+1 itkes %%Ill bk- ALP to gleerte ralVu iulor-- efficiently. WSotww-e needs to
K r,~ b-a,- ri iLliiies andl toolk, kY I o pp~orte( d possibly paid for) only' at

I!l i 'eli g-u nrl andl spcA-uit)'O oIits Oi . Thie hardware may be of a corn'-
I ciiclcocrni ai (eeiiner pietely d ifYe ren t arc hi te cture, using a

(liff'rient opeating system. than the X-server
pnqinram is- tiet designl of' a uis-er iultelrf',Ce.' wor-kstation. Indeed the local display system
tein tjiwt is 6iexible, ve~i and iititin av be one of the new generation of X ter-
1,or ( {A lso in~x) rtart, is; maintining a initials, that provide network-speed 4 bit-
corussut':.t initerface acros. z the overrll user map~ped displays for X-cient applications,
erivi'rnmnev- anid particular- applications. In but with no other local processing, for costs
tanldem.) tllese r-estrictions mlay suggi-st. the that hiave- now dropped to below $1000 per
everdiual in,,plementation of a completE' col- sjin
i-cdtiO of, (Ifoolkzits that riet only handle basic
dlisplay ireqilnnients but also provide van- Ironically. this model is analogous to
ouis Widgpts for the los developer, the older mainiframe co mpute r- graphics ter-

Oabviously tediesign arid implemrentation of irlinal systemns that workstations are begin-

uIser interface toolkits will require a substan- ning to r-eplace. In general, requiring one
tiaI commitment onl the part of all (IZA\58 computer to perform all geoprocessing fUTIC-

uisers to reach coiisensuis as to) the niatture of tions is less efficient than distributing that

dit hest interface mtodel. To some extent, pr-oces.,ing, but this may be a valid model in

the nverall uspyr initetface design miay be some circumnstances. (For example, a broad

guided 1)*v various pr-oposals being con- comnmunity of users may make occasional
s-iderud by(Ypen '-nf'twajv Foundation 'Mnd use of GIS tools for simple queries or ana-

t~n-i' ~11~S. lses, antI even in their aggregate not over-
load a single (1S server.) Despite possible
inefficiencies, this model is still superior in

THE GRASS-X PAHAJ)IGM many respects to the mainframe- terminal

Mixkis ofX-histUS analog, since the local ,nikstations can still

The use of a networked windowing provide windows, into other sei''-rs for other

s ystem, such as, X-Windows, in conjunction FoHr .xample, Eiher-ret Cornrnunicatiun is at
withi arny interactive ( ;IS package,~ provides a maximum rat' of 10 mvgat' s/scnrid, with t'pl-
tie app~licationi developer andI use*r with cal throughput of'to :3 invfl,'/O ridc

serall (I options fir inupletriniting a systemn.



applicatiens, the commwunication with other- application of such technology is some time
systems is typically much faster than serial off, but then, is a girowing recognition of the
terminals,, an.d more display processing is needI for sophisticated means for GIS data
performed locally, offloadinig low-level and softwar-e sharing.
graphics operations from th primary CIS The third miodel for using (;RAS-X is
host, a stand-alone mode. In this case, the X-

The seod(n.S-- odel. comprises based workstation provides all data develop-
a distributed (,IS implementation. It corn- moent, analysis. display, and production
bines centralized (HS maintenance with local functionality. No external data, software, or
geoprocessing operation,,. A user at a hardware is required. This model does not
wAorkstation transparentlyN acesses data offer the advantages of using remote syvs-
residing on a remote, host. performing any temns. but the local GIS user has complete
anal 'ytical or display' operations on the .contr-ol over the database once in place. A
workstation itself. Althoughm invisfile to) lie stareld-aloune syste ni is probably most applica-
uIS0r, the needed 1,#t ar(. vtu-41. ble for sm~aller .jurisdictions Or organizations
tranisferred -it high speed aciross the networs. will w,,ell-dofu wd niqsioriq for- their- geo-
to, the workstaition where the'; arec i'laiipu- g-o-q-hic iniforroaton. With at least inininial
latcd by softw irt that resides localy or- per cc liMltilcanonls Capability, Such sites Could
-7, ' oil 'r another host and ti-rnsferred to) '1ill obtainl daiasets fromn remote locau!ons,
he Nvo'rkstabon. There are at least two kill an a-- lie( ded basis.
jel.,ia ietliod6 of implemeninrg Lhe, Tin-e dirt, modf-ls presented are con-

diser- w' needed daita an,] soft ware:- usrn igI
v-iaivel owleve opratig sstem pm (-jt:- ones: 'i fact. aniy real-world applica-
'T'I aivcI 'v iw-lv(- ol-raint;Y4,e pt- on, .Wouili alnioot certainly use somne con-b!-

C-tn:,such a- the industr- standlardl Ne ,- no'tio!. of the thre-e. Some database corn-
,work File Systemn NI-INI or using intelligtoiA poients w ,iJull be rmaintained locally, while
dat w indowirig or extnwtioni techniques )n other(s Would be( dokwnloaded fromn centr-al-
theite host. The. first methodi is ized systes, and still others would be
currently, being usedI successf'ully for teach- ltjtlelonaodhcbssnarng

ing nd eserch roj(-t :1 RDR It of distribUteii systems. The ireal value of
requires die least effor-L to develop andl~ the Ck-N-X paradigmi that has been out-
implement, toilt assumes that the reiCte linedl is in thie ablitv to combine. all thre

datais ireci mnilmobl witin he lcal models in creative wakys dIriven by individual
softwkaze en1vinmiilent. user- or organ-iization r(equirements.

For inore comfpex sluiatiois, the ,,S-X1dvuaLm-Digdnta
seco11 nd ethod sliuild iltitnatel rov the ( Ii tajd na e
better 4)aitioni. Use,*r-generatfed reqtie4ts fo r Althougi nmany aspects of the distri-
(Iota &,uld automatically be redirected Lo lttd models described above could be
the remote host's native data retrieval sub- implemented tinder a variety of ('7IS and net-
steni. Appropiriate spatial/ attribute ixifor- work systems, the specific features of both
nation would he extracted on the remote (H-S n -idw fe nqeavn

GIs server andl effectively downloaded for- tages to the Lzystkeimi developer anid user. In
local analysis and display. An ex-tkiision to somie situations these may be sufficient to
this mnethod could Also facilitate local data- provide complete (',S capability; in others
bas e tilxlats for uploading to the centralized they may be usedl as a gateway into even
seirver. As an example Of this approach, a greater (HS functionality and data- Again,
fully-suppor-ted (;lS engine using ARC/Tnfo actual implementations will rely on a combi-
for database development, maintenance, rmid nation of these two modes.
cartographic production could pirovide (U,?AIS has been designed from the
query-determined datafile stibsets in DH; outset to) work well in a workstation
format to a GR.-SX workstation located in environment, arid thus is a logical vehicle
a field office. Then, the user could perform for entering a distribute-d (',IS Especially
rapid. interactive analyses and displays on when a number of installations are, contem-
the (data without any further use of the plated, GRASN has the additional advantage
ARtifo s;erve r. Obviously, th& systemnatic of being essentially free. This does imply
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that organizations making at signiificanit Coln- X' is still n developmental system, and
nu1tmlent to ( 4AV-Z Ixirist ailso iainxi thle hias not stabilized to the point of some coin-
internal resources, for installing and operat- miercial products. Although there is a com-
ing the softwaiv. Since GRI&-N is1 It veryV mitrnent to upward compatibility, the very
(levelopmental system, new capabilities are nature of its extensibility implies that some-
added regularly and new subsywtemns must what divergent X environments will emerge.
be s upported. At this writing a number of developers are

Comipared to other syxnis, is compei ng to establish common toolkits,
relatively easy to learn and use, arid ther- user interface designs, and programming
forf- can be used at remote sites wvithout standards, so the future is not entirely clear.
extensive internal support. Note that hs Vendors are also attemipting to optimize -
observation applies to ft use 01 se \SS , s in particular, to their hardware
softaviv. It is critical to r~inleinht Imt (enirunlnieft, anid somiie t imne s hard ware -
intelligent use of (1S requirt., sopins~ic-Ati independeiice szuffers as a result.
understanding of the rulatiornship _- 0r1ora , fuwtu1~W iEe= ircuions
environental featureS. of idh' niatiin (A car- Soi f I, majori rieiiii-S fo r
togrilic mre-eseritabions of the 4ird-k ,pe. c.4arui ugkdIntl f ld;1- p-a
and of bic explicit charaiexilstow- of t n ugetdi tepeedn on
szpatial :ittibuwe database being; us -1. - tf phs, including an examination of thefn

Nancy. Tost of the Californiia Div>i ;ioi ,I aetl:'qimu for- a fixible and
x' ifui 15scr itrac( and inechanims fo r

"F rs - Ja nots'~ es onalX) co1 v- ui ~ i it b ilitelligemxt retlieval of' inforrna-
k~~~ I 'r I v.III-M dive1rse data s ources ate unxd a net-

tlafs ii iiz t .von 1 s~~y rk. EEt-ze ach is p oceeding at B -rkelev
U mies ins he i~je~'"I-,~ un el, -wliep~r in ritimerous related domnain,

jbliTng inappro pfiatte uAs of ,oznpi : I~ It litl fforit has been expended to date
apiwan) 'on relating thes;e to (it!- in general or to

X- Vu di:' ws is amalogol's to ~ " - h 5or ,X-Wizido ws in particular. Fields
bot i trnis t tsworktui felnf enevor we hop, ti) turn to in the future

avId il-i, public do main ttI i, I saalircue
on virtually aill itjor wo-rkstationi platforms,( cnraAad Qe. Wok i
and iz, beginning tc, appearT on smna'ler s. alreay tor use

alr yunderw ay t allow ueof digitaltents as, well. iceit is based on, UNIX nwsai;lc o ra vreyofifr

alo lpentslf commuict n~ation t wadit mation, including imagery. landscape photo-
aSOlens isel todirct iicrpoatin wth graphs, archival mnaterials, published and

automatedi maps, etc. A logical extension of
Since X-Windows provides both net- this capability is to enable coordinate-based

wonrk and wlindow ing capabilities, it enables query (ie., b~y pointing at a map location) of
(;RA--X to opexratE' in several modes simul- GIS data layers that may exist at any defined
taeously. Trhat is, one dispiay window may location within a network. Currently, a user
be showing i triap) generated froii a local mnust have prior knowledge of what data are

I> 5datnifile, while anothier represents; available and where. Linking in an
daui on a reinote systemn. Moreover, a automated ;ndex could increase by orders of
variety of 1ernote rxctwork niodes rriay he miagnitude the voltirne and rainge of infor-
aiccessed at onice throughi diffenrtit. ,Ondow6, rnatiemi effectively available at a site.
anid ini fact, ;i t,-pica! user ssinmay easnlY Ltgan uth Jy nudU~ Hypertext
utilize reso4urces, hield on teni or mnore corn- adl.~mdatosalwititv ik
pmtr.s. OfW course,,, thesev do not need tob andt byermeiat btols dowintuitve dt ln-
ontily (; IS aplicatio ns o r d ata- nrinany Lypes o f ageris; to c bebulteten disprae apleel-
tools,, such as doctument processing. (lec- mifent eachin elen c abe iagompletl
tro)riic manil, sttistical analysis, and so forth, diffrent for, incldin maps images, I tetn

may e acessd cocurrndy Theloca X- these tools with fundamental GllS capabilities,server handles the text, graphics, keyboard poie oiyaddcso aeswt
input, nmosc- rnanilulation, and other
events atitrnatically. significantly more powNer to brwethrough
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geographic information and explore relation- node on a data communications network
ships between environmental features. while displaying the results on a local works-

Expert Systems. As the range of GIS tation, to systematically extract information

data becomes more distributed and as G1S from distributed databases and analyze and

software becomes easier to use, more display geographic information locally, and

sophisticated user agents will be required. to maintain and manipulate entire GIS appli-

These user agents intelligently process cations in a stand-alone environment. The

queries, identifying the 618 data most combination also provides a useful platform

appropriate to answering the question at for research into new GIS technologies.

hand and performing the necessary analyses. Together, the models for GRASS-X imple-

Expert systems technology is already in use mentation and research constitute a new

in other domains, but the transfer of that paradigm for distributed Geographic Infor-

technology to GIS is complicated by the very mation Systems.
ccmplexity of geographic information.

Objeci- Oiiceted _Dataha Current
research in database management systems REFERENCES
Si)BMIS is focussing on object-oriented data-
bases. Object-orientation essentially defines AT&T (American Telephone & Telegraph

-arv i ntitv in the database as an object, Company), 1988 AT&T (American

.,ccmrpa&sing featues such as dimension, Telephone & Telegraph Company)

rromtion to other objects, hierarchical ascen- Open Look PM Graphical User Inter-

(tincy and descendancy, topical connections, face Functional Specifications July

and so fofth. Since geographic entities 1988 Sun Mi-ro.systems, Inc. 200

almost by definition include all these charc- pages

tenstics and more, they are a logical candi- CEiRL. 1987 CERL An Introduction to
(late for incorporation with object-oriented GRASS 13 pages. US Army Construc-

iBII. Currently, work is underway on Lon Engineering Research Laboratory
hnking postgres, and object-oriented succes- Champaign, I 1987 Environmental
sor to the inges relational I)MS, to geo- Division
graphic information. CERL, 1987 CERL Library of Resources

Though these future directions are not GRASS/GIS US Army Construction
necessarily tied to either GRASS or X- Engineering Research Laboratory
Windows, both systems appear to be Champaign, Ill 1987 Environmental
appropriate vehicles for exploration. GRAIS Division
,ouirce code is freely available to researchers Goran,1987 Goran GRASS and GIS Tech-
and can be modified without restriction; its nology Corps Applications 1987
modularity also lends itself to advanced
work. X-Windows is also freely available, Hack,1987 Hack The Advantages of X Corn-
and much of the work in the areas outlined puter Graphics World 6, 57-60 August,
above is already based on X. By providing a
strong linkage between GRASS and X, we Lee,1988 Lee Window of Opportunity
hope to create a platform for exaniiing UNIX Review 46-61 pages 1988
these and other options. Ogura Neuwirth,1986 Ogura Neuwirth The

Andrew System, Programmer's Guide
to the Base Environment, Version 2

CONCLUSIONS Information Technology Center, Car-
'llie open systems approach of GRASS negie Mellon University Pittsburgh

U) ;IS power, flexibility, and interactiveness 1986 IBM Corporation
is well-matched to the network extensibility Scheifler Gettys,1986 Scheifler Gettys The
and hardware-independence of X-Windows. X Window System ACM Transactions
This combination provides the GIS on Graphics 79-109 1986
developer and user with the ability to per- Westervelt et a1.,1987 Westervelt Shapiro
form complex geographic analyses on any Higgins Larson Programmer's Refer-
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ence Manual US Army Construction
Engineering Research Laboratory
Champaign, 111 1987 Envimrnental
Division
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